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IS THREE FARTS - 
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Logarithms. The whole illuſtrated and made eaſy by many 
and ſuitable Examples. 


Parr II. The PRAXIS of Locaritrums;, 
Wherein all the Rules and Operations of Logarithmical Arith- 
metic, both Common and. Logiſtical, by Numbers and Inſtru— 
ments, are copiouſly exemplthed. l. e with the Ap- 
plication thereof to the ſeveral Branches of Mathematical 
Learning. | 

PART III. A Three-fold CANON of Loo AxITHus; 
In a new and more compendious Method than any extant ; 

1. A Canon of Logarithms of Na TuRAL NumBers. 
Viz. J 2. A Canon of Logarithms of Six ES and TAN GERTS. 
| 3. A Table of Lois LodARITHus. 
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HO Logarithms may juſtly be eſteem d 
the principal Invention of modern Ages, 
on account of their excellent and moſt 

extenſive Uſe in Mathematical Literature, yet 
it may with equal Truth be ſaid, that little 
more is known of them, generally ſpeaking, 

than their practical Uſe in ſome Rules of com- 
mon Arithmetic and trigonometrical Calcula- 
tions; (and how few are perfect in this“) 
tor ( ſaith the great Improver of this Art, the 
learned Dr. Halley) « 1 find very few of 

* thoſe, who make conſtant uſe of Logarithms, 

« have attain'd an adequate Notion of them ; 
« to know how to make or examine them, or 
«© to underſtand the Extent of the Ule of 
them: contenting themſelves with the Ta- 
* bles f them, as they find them, without 
* daring to queſtion them, or caring to know 
« how to rectify them, ſhould they be found 
* amiſs ; being, 1 {7 'ppaſe, under the Appre- 


* henſion of ſomegreat Difficulty therein, &c.” 
A 2 Tor 
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For the ſake of ſuch Perſons the following 
Treatiſe 25 princ patty intended; wherein they 
will find every thing neceſſary relating to the 


Theory and Pratice of this admirable Arr. 


For, as to the Theory, (the principal Part, 
and ſo very rarely known) I have exhibited 
| all the Mcthods, whereby it has been taught 
| and explain'd by the Inventor, and ſeveral 
[4 Improvers therebf, ſince his time; as by the 
Extraction of Roots; by the Logarithmic Curve 
rom Dr. Keil ; by an Infinite Series, from Dr. 
Halley ; 6y the Method of Fluxions, from Mr. 
Ditton ; by the Hypesbola, from Mr. Domky ; 
by the Equiangular Spiral, from Halley, Wallis, 
| ec. by the large Logarithmic Scale, of my own 
confiratting : : the like to which, for Large- 
neſs, was never before publiſbed; for 4 com- 
pleat 7 N which ſee Chap. X. of the 
Theory. 
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T ſay, by all theſe various Methods I have 
endeayonrd to explain, illuſtrate, and facili- 
F rate the Knowledge of the Nature, Proper- 

" | ties, aud Confirution of thoſe cacetiong Num- 
f bers, called Logarithms. I have alſo exem- 
; plified the Manner of making Logarithms for 
* the prime Numbers, 67 many and different 
i Examples, and in {overal ways; and have 
| [ taken all poſſible Care to render this moſt ab- 
6 ſtruſe and difficult Part, as caſy and intelli- 
| gible, as the Nature of the Subject will 
admit. 


Having 
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Having thus explaind the Nature of Lo- 
garithms, I then ſhew how they are laid on 
Inſtruments, and thereby the Conſtruction of 
the Artificial Lincs of Numbers, Sines, and 
Tangents ; firj# contrived by the famous Geo- 
meter, Mr. Gunter of Greſham-College 3 and 
for that reaſon they are ſtill called Gunter's 
Line, and all together Gunter's Scale. 


Laſtly, I have largely explain'd the Na- 
ture, and ſhewn the Manner of making or 
conſtructing the Logiſtical Logarithms, accor- 
4 to Shakcrlcy's and Street's Form thereof, 


and which I have not ſeen done by any other 
Hand. 


Theſe things together will, J hope, be al. 
low'd to make a regular, univerſal, and com- 
plcat Theory of Logarithms, common and lo- 
vittical, for Integers and Frattions, numeri- 
cal and inftrumental ; and ſuch, as for Bre- 


vity, yet Copiouſneſs and Variety, has not 
been before extant. 


As touching the Praxis, or Uſe of Loga- 
rithms, which makes the ſecond Part of this 
Work, I have made it as compleat and per- 
fect as poſſible; having illuſtrated all the 
Rates of Practice with all the Variety of Ex- 
amples I could deviſe, that were neceſſary. 
And that none may ve unuppris d of the moſt 
extenſive Service of Logarithms the Mathe- 
matical Diſciplines, I have applied them to the 


Fi we as , , 1 
Arithmetic 
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Arithmetic of all kinds of Numbers ; to Tri- 
gonometry, in the Solution of all Caſes of 
Plain and Spherical Triangles ; 79 Mercato 
| Sailing particularly, ſhowing how all its Caſes 
bj  - may be reſolv'd ſolely by the Canon of Loga- 
190 rithmic Tangents ; r the Menſuration of Su- 
1 perficies and Solids, &c. All which are fun- 
damental Operations, and may each of them 
be extended or branched out into particular 
Scicnces ; but that would have been too te- 
dious a Task, and not abſolutely neceſſary to 
my Deſign. T have therefore only applied the 
Doctrine of Menſuration to the Arts 87 Gaug- 
FE ing, Timber-Meaſure, and Surveying ; becauſe 
1 they are the moſt common and neceſ, ary Arts 
\s in Life ; and becauſe the Uſe A Gunter 
| it Scale, and Sliding-Rule (though before fully 
| | taugt, and all along applied; yet) in them 
' 


29 more cxtenſive and various than in any o- 
ther Arts: and therefore I have taken care 
| not only MA ſhew all the different ways of uſing 
8 thoſe Inſtruments, but likewiſe the Rationale 
vt of every Operation; a Matter of the greateſt 
Dh Importance, and too often neglected, in Books 
| ' which treat thereof. 


1 Laſtly, I have in the laſt Chapter given a 
! Variety of Examples of the Uſe of Logiſtical 
| Logarithms u the practical Parts of Aſtronomy ; 
5 both with reſpett to Time and Motion, have 
4 made it appear that Strect's Logiſtical Loga- 
*K rithms anſwer all the Ends of Shakerley's ; 
| and how they are to be uſed along with the 
7 Common Logarithms of Numbers, Sines, and 
YN . 1Tangents. 
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Tangents. And throughout this (ſecond Patt, 
as well as the firſt, you will find a great 


Variety of new and uſeful Particulars, not 
here to be expreſs d. 


The Third Part of this. Work conſiſts of a 
three-fold Canon of Logarithms, viz. (1.) Of 
common Numbers from 1 to 10000; and 1s 
ſufficient for any Number under 10000000 by 
proper Rules. (2). Of Sines and Tangents 70 
every Degree and Minute of the Quadrant. 
(3.) Of Logiſtical Logarithms of Mr. Strect's 
Bom Concerning which Tables, I ſhall only 
obſerve two things in gener, viz. 


Firſt, that they are here contrived in a 
new and moſt compendious Form, equally caſy 
and uſeful as thoſe of the common * ; tho 
mn this they take up but onc half the room, as 
they do in that. An Abbreviation very com- 
modious, and I hope will prove acceptable. 


Secondly; the Correttneſs of theſe is a 
matter of the laſt Concern, and the greateſt 
Argument to recommend them. In order to 
prove this, I need only ſay, that thoſe large 
Tables of Mr. Sherwin's are granted to be the 
moſt correct of any extant, from the moſt 
careful and exquiſite Method he took ta make 
them ſo, which ſee in his Preface. 


From theſe large Tables thus correct, I 
have made mine, every Figure of the two 
firſt Tables with my own Hand; in doing 
which 
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which, I diſcover d ſeveral Errors, here and 
there, as I went along, in them, as exact as 
they were, which accordingly corretting in 
mine, I can, I preſume, 1 J pronounce my 
Tables the moſt certain and exact, as well as 
the moſt compendious of any in being. 


Having thus largely declared the ſeveral 
Parts of this Work and ſhewn the Reader 
what an uſeful Variety he may expett to meet 
with both in the Theory, Praxis, and Tables, 
A this maſt uſeful and excellent Art; I muſt 
eave it to himſelf, to uſe or rejett it, as he 
Fall judge of the Merits thereof. 
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. I. 


Of the Definition, Origin, and Nature of 
LoGARITHMS. 

1. HE beſt Definition of thoſe Numhers 
we call Logarithms, is contain'd in the 
very Name or Word (Logarithm) it- 
ſelf ; for it 1s compoſed of the two 

Greek Words X%yw dpi, which properly or lite- 
rally ſignify, a Number of Ratios: and a Logarithm 
is no other than a Number, which denotes or ſhews 
what Number of Ratios is contain'd between Unity, 
and that Number of which it is faid to be the Ly- 
garithm, | 

2. Whence *tis evident, that in order to have a 
clear Notion of Logarithms, tis abſolutely neceſſary 
to underſtand firſt, and that very wall what 1s 
meant by the Word Ratio, or Ratios, as here uſed 
in the Definition of Logarithms, and making an eſ- 
ſential part thereof. 

3. Ratio, then, is a certain mutual Habitude of 
Magnitudes of the ſame kind, according to Quantity. 
This is Euclid's Definition : in which four things 
muſt be obſerv'd; as (I.) he faith Ratio is 4 certain 


mutual Habitude; by which he means no more than 
| RR what 
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what we commonly call the Proportion of any two 
things of a like ſort to each other, when by us they 
are compar'd together. (2:) He uſeth the general 
Word Magnitude to denote, that all Subjects of Quan- 
tity; as Numbers, Lines, Superfictes, and Solids, are 
capable of ſuch Ratio, Habitude, or Proportion, as 
aforeſaid. (3.) He adds this Reſtriction, of the ſame 
kind; thereby infinuating there can be no Ratio or 
Proportion of Quantity, between Magnitudes of a dif- 
ferent kind ; thus we cannot compare a Line to a 
Superficies ; becauſe the Quantity of a Line is eſti- 
mated in Length only, but the Quantity of a Super- 
ficies ariſeth from the joint Confideration of Length 
and Breadth, or the Product of each, and ſo im- 
porteth Space; which is entirely different from a 
Line, and therefore theſe two things cannot be the 
Terms of Ratio or Compariſon. (4.) Laſtly, he 
ſays, this Ratio is according to Quantity; that is, 
we compare Magnitudes in this Caſe, only to ob- 
ſerve and maintain the Proportion of Greatneſs or 
Bulk which is between them; or to find how often. 
or how many times, one leſſer Magnitude is contain'd 
in another greater Magnitude ;, neglecting all other 
Conſiderations and Affections of the ſaid Magni- 
tudes, 

4. Having thus conſidet'd the general Nature of 
Ratios or Proportions ; I ſhall apply it to Numbers, 
as they are immediately the Subject of Logarithms. 
The Ratio therefore, or Proportion of a Number to 
a Number 1s two-fold ; for firit the Ratio of a greater 
Number to a leſſer may conſiſt in the Addition of 
ſome certain Number to that Jeſſer Number; thus the 
Ratio of 6 to 2 is made by adding 4 to 2. And 
if from Unity you begin the conitant Addition of 
the ſame Number, ſuppoſe 2, you will then have a 
Series of Numbers, whoſe Differences will be the 
ſame, as 1, 2, 4, 6, 8, 10, 12, Cc. and ſuch Num- 
bers are ſaid to be in Arithmetical Proportion or Pro- 

greſſion ; 
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graſion; and this common Difference of the Terms, 
as here 2 is culled the Ratio of the Progreſſion. 

. Secondly, the Ratio of a greater Number to a 
FA may conſiſt in a Multiplication of the Leſſer 
Number by ſome other Number ; thus the Ratio of 
12 to 4, is made by multiplying 4 by 3; and if 
from Unity you begin a conſtant Multiplication by 
the ſame Number, ſuppoſe 2, you will then have a 
Series of Numbers, as 1, 2, 4, 8, 16, 32, 64, &c. 
which are ſaid to be in Geometrical Proportion, or 


| Progreſſion ; and the common Multiplier, as here 2, 


is called the Geometrical Ratio of this Progreſſion. 

6. Wherefore in the two Series or Progreſſions of 
Numbers, v7z. 
,. 2; 4,0, 8, 10, 12,: : 14; Ic; 
Geom. 1, 2, 4, 8, 16, 32, 64, 128, Sc. 
*tis ealy to obſerve, that as the ſecond Term ex- 
ceeds the firſt by one Ratio, ſo the third Term ex- 
ceeds the firſt by two Ratio's, the fourth by three 
Ratio's, the fifth by four Ratio's, c. Thus in the 
Arithmetical Series, the Ratio of 4 to 1, is double 


of the Ratio of 2 to 1; the Ratio of 6 to 1, is fri- 


ple the Ratio of 2 to 1; the Ratio of 8 to 1, is 
quadruple the Ratio of 2 to 1, Sc. And in the 
Geometrical Series, the Ratio of 4 to 1 is the du- 
plicate of the Ratio of 2 to 1; the Ratio of 8 to 1 
is triplicate of the Ratio of 2 to 1, and the Ratio 
of 16 to 1 is quadruplicate of the Ratio of 2 to 1, 


and ſo on. Where *tis to be obſerved, that the 


Words, double, triple, quadruple, &c. are proper to 
the Ratio's of the Arithmetical Series, and imply the 
Addition of them only; but the Terms duplicate, 
triplicate, quadruplicate, &c. are proper to the Geo- 
metrical Series, and imply the Multiplication of thoſe 

Ratios. | 
7. What has been thus far related of the Doctrine 
of Ratio's, is ſufficient for our preſent purpoſe, vz. 
the underſtanding the Nature of Logariibms. For 
B 2 ſuppoſe 
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ſuppoſe a Series of Numbers in Arithmetical Progreſ- 


| ſion, beginning from o, and whoſe Ratio, or com- 
8 mon Difference, is Unity or 1; and to them be 
| adapted a Series in Geometrical Progreſſion, _— 
1 from Unity; and whoſe common Ratio be any aſ- 
| ſign'd Number, ſuppoſe 2, as before; then will 
| thoſe two Series ſtand as below: 
ot 1211 4 6. . , 9. 


— 


—— Wy —„U— — _... 


| Geom.1. 2.4.8. 16. 32. 64.128. 256. 512.09. 
| 8. *Iis evident the Numbers in the firſt Series 
ſhew the Number of Ratio's between their corre- 
ſpondent Numbers and Unity in the ſecond Series. 
# For inſtance, the Figure 2 in the firſt Series, ſhews 
| - the Ratio's between its correſponding Number 4 and 
| 1, in the lower Series, are 2; the Numbers 5, 7, 9, 

in the upper Series, ſhew the Number of Ratio's be- 
| tween their correſponding Numbers 32, 128, 512, 
Hr | and 1 or Unity, in the lower Series, to be reſpectively 
14 5, 7, and 9; or that the Ratio is ſo often repeated 
| from Unity to thoſe Numbers, and conſequently ſo 
£1 often compounded in them ; or farther, that the 
[ ! Ratio of 32 to 1 is compounded of five times the Ra- 
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li tio of 2 to 1; and the Ratio of 128 to 1, of ſeven 
| times the Ratio of 2 to 1; and the Ratio of 512 
to 1, of nines times the Ratio of 2 to 1. 

1 9. Wherefore ſince the Numbers in the upper Se- 
k ries ſhew the Number of Ratio's contain'd between 
their correſponding Numbers and Unity in the lower 
Series; therefore thoſe Numbers in the upper Series 
in Arithmetical Progreſſion ſhall be the Logarithms 
of the Numbers in the lower Series of Geometrical 
Progreſſion, and that according to the Definition of 
Logarithms beforegoing. 

10. From the an Series, *tis farther manifeſt, 
that the Product of any two Terms in the lower 
Series correſponds to the Sum of their reſpective 
Terms in the upper Series. See the following Ex- 
amples. | | 
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ith. 
Loge. $2+3= 532+ 4= 6; 3+ 6= 9. 


GAs ease 


Alſo if any two Numbers in the lower Series be di- 
vided the one by the other, the Quotient thence a- 
rifing ſha)l correſpond to the Difference of the reſpec- 
tive Numbers in the upper Series. Examples in 


Arith. 5—3=2; 6—2= 43 9—3= 6. 
Geom. 32 8 2.4; 64 = 4= 16; 512 + 8 = 04. 


11. And univerſally, if any four contiguous Num- 
bers be taken in the ſecond Series, as the Product 
of the Extremes is equal to the Product of the 
Means; ſo in the firſt Series of the four correſpon- 
ding Numbers, the Sum of the Extremes will be 


equal to the Sum of the Means; as in the Examples 
below. 


Arith. 1+ 4=2-3== 53 3+ 6= 4+ 5= 9. 
Geom. 2 x 16==4 x 8.32; 8x 04==16 32512. 


and vice verſa, 

12, Again the Square, Cube, Cc. of any Number 
in the lower Series of Geometricals will be anſwer'd 
by double, triple, &c. the correſponding Number 
in the upper Series in Arithmetical Ratio; for Ex- 
ample ; 
Arith. 2 x2= 4; 4x 2= 8;0x2=0. 
Geom. 4 x 4=106; 16 x 16==2506; 1 x I=1. 


| Arithmet. I * 323; 413 . 
The Cube Geomet, 2 * 2x 2==8, 8x8 „ 8 = 118 
And the Converſe of this Article is alſo true; as is 
evident enough without example. | 
13. It appears then by theſe ſix laſt Articles, that 
Logarithms are a Series of Numbers in Arithmetica! 
Progreſſion, ſo fitted and adapted to another Series of 
Numbers in Geometrical Progreſſion, as that each 
I Terin 


Square 
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Term of the firſt ſhall expound (or be the Exponent 
of ) the Ratio of its correſpondent Term to Unity in 
the ſecond Series. And that on this very Principle: 
For every Addition, Subſtrattion, Multiplication, or 
Diviſion of the Logarithmic Numbers there corre- 
ſponds a mutual Multiplication, Diviſion, Involution, 
and Extraction of the reſpective Terms in the Geo- 
metrical Series. 

14. Now 'tis a Matter entirely arbitrary or indif- 
ferent, what Number be made the it Term in ei- 
ther Series; for ſince the firſt are made by equal 
Additions, the latter by equal Multiplication, be the 
Ratio what it will, the former will fill be the Loga- 
rithms of the latter; as is evident in the Table ad- 
join'd. 


Series of Logarithms. | 

6 I )) 0 

18 2 7 + 9 Ro 

54 r 

162 8 F 
486 16 VVT 
ß 11 408-6 
$374 04] 7-15-1237 6:60 
J . WE 9, 
39366 256 9 19 14 47 8 80 
JJ 1-20 27-15 ©5235 9-90 
354294 102 11- 23 16 37 io 100 


— — — — 


15, Wherefore to the /ame Series of Proportio- 
nals there may be an mmfnite Number of Series or 
Scales of Logarithms contrived; and vice verſa, Yet 
of all thoſe infinite kinds of Logarithms, only thoſe 
whoſe firſt Term is o, and the common Difference 1, 
10, 100, Sc. are adapted for uſe. Becauſe if the 
firſt Term be a ſignificant Figure, we muſt neceſſa- 
rily have reſpect to it in uſe; and fo, in this FR, 

our 


t 
l 
{ 
a 
fi 


Chap. I. Nature of LoGARITH Ms. 7 


four Terms of the Logarithmical Series becomes un- 
avoidable ; whereas if o be the firſt Term, three 
other Terms only ſuffice in the Multiplication of any 
two Proportionals whatever : for the Sum of their 
Logarithms will point out the Product, and ſhew 
its Place, that is, its Diſtance from, or Ratio to, 
the firſt Term of that Scale of Proportionals. But 
if the firſt Term in the Scale of Logarithms were 
ſignificant, it muſt be ſubdued from the Sum of 
the Mean, in order to find the Product of the two 
Proportionals, c. as before: and ſo we ſhould per- 
petually have double Labour in every Operation. All 
this is evident from the different Series of Loga- 

rithms in the foregoing Table. | 
16. This being the Nature, and ſuch the won- 
derful Properties of thoſe Numbers called Loga- 
rithms, *tis natural to ſuppoſe that he who firſt diſ- 
cover'd them, would make ſuch a noble Diſcovery 

as ſubſer vient as poſſible to the Uſes of Life, for the 
eneral Benefit of Mankind, but more immediately of 
Artiſts or Mathematiciaus. 


17. Now to do this, *twas Proport. | Logarith. 
neceſſary to calculate and fit I 1310.0000000 
a Scale or Canon of Loga- 10|1 0000000 
rithms to all Numbers which 100|2 0000000 
Men commonly make uſe of 1000 3.0000000 
in Buſineſs, that ſo the Fa- 10000 4.0000000 
tigue and Labour of Multi- 19909090! 5.9000000 | 


plying, Dividing, &c. large | 1900000 /6.0000000} 
Sums or Numbers might be — 

avoided by only the Addition or Subſtraction, Sc. 
of Logarithms. And of conſequence nothing leſs 
than a general Table of Logarithms for all Numbers 
between Unity, or 1 and 1000000 or 10000000, could 
ſuffice; becauſe no Number muſt here be wanting. 
as in the other intermitting Series 1, 2, 4, 8, 16, Cc. 
ſince general Uſe requires them all, and therefore 
their Logarithms, 


18. 


- 
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18, Towards this *twas eaſy to find Logarithms 
for a Series of Numbers proceeding in a Decuple 
Proportion or Ratio from Unity, as 1, 10, 100, 1000, 
Sc. in the Table above. For putting o = Loga- 
rithm of 1; and 1 Logarithm of 10; the Loga- 
rithm of 100 will be 2; and of 1000, 3; and fo on 
from what J have already ſaid. 

19. But the Difficulty all confiſted in finding the 
Logarithms for the intermediate Numbers between 
1 and 10, 10 and 100, 100 and 1000, &c. or thoſe 
of them which are called Prime Numbers, becauſe 
they being once found, the Logarithms of all others 
are eaſily obtain'd, as we ſhall ſee by and by. 

20. Now tho? the Numbers 1, 2, 3, 4, 5, 6, 7, 
8, 9, are not in Geometrical Proportion (but indeed 
in an Arithmetical one) and ſo their Logarithms not 
to be obtain'd like the Logarithms of thoſe which 
are ſo, yet as the Ratio of 10 to 1, ſhews only what 
Diſtance, or how far 10 is from Unity in the Scale 
of Proportion, and that the Numbers 2, 3, 4, 5, 
Sc. poſſeſs ſeverally a certain part of that Diſtance, 
if the ſaid Ratio or Diſtance of 10 to 1, be ſuppoſed 
to be divided into a vaſt number of equal Parts, 
ſuppoſe 10000000, c. tis evident a certain number 
of thoſe equal Parts are to be allotted to the Num- 
bers 2, 3, 4, 5, Sc. which ſhall as truly expreſs the 
Diſtances from, or the Ratio's of thoſe ſeveral Num- 
bers to Unity, as that of 10 to Unity is expreſs'd by 
the whole Number 10000000, 

21. This indefinite Number (1000000; Sc.) of 
equal Parts, into which the whole Ratio of 10 to 1, 
is divided, may be conceived as a Number of fo 
many ſmall Ratids or Ratiunculæ, fince they are all 

ual to each other. And ſo ſince the whole Num- 
ber of Ratiunculz between 10 and 1, is the Loga- 
rithm of 10 to 1; therefore that Number of thoſe 
Ratiuncule which lie between, or expreſs the Di- 
ſtance of 2, 3, &c. to 1, ſhall alſo be as much the 

Logarithms: 


- 
- 
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Logarithms of thoſe Numbers 2, 3, Cc. of, rather, 
of their Ratio's to Unity. And thus it appears that 
even the Logarithms of 2, 3, 4, 5, Fc. (and for 
the ſame Reaſon) 11, 12, 13, &c. 21, 22, 23, Sc. 
401, 102, 103, Cc. may be found to as great Ex- 


actneſs as is neceſſary. The Method of doing this 


by Numbers, ſhall be the Subject of the next Chap- 
ter. 0 | ; 


FF 


CHAP. Ii. 


Of the Method of miaking a Table of Logarithms 
by plain Arithmetic, | 


I, Aving explain'd the Nature and Properties 

of Logarithms, and ſhewn not only how 
they are adapted to Series of Geometrical Pro- 
portionals, but alſo by what means they are to be 
calculated for all Numbers from Unity to any large 
Number either above or below it : 

2, The Method or Proceſs it ſelf, then, of doing 
this, is the next thing to be propoſed ; an ar- 
duous Taſk this, to him that firſt aggreſs'd it! At 
ſuch an Enterprize, he indeed might truly have faid, 
Hic Labor, hoc Opus eft. And this any but an in- 
human Reader will be convinced of, by viewing the 
following tedious and laborious Proceſs for gaining 
the Logarithm of one ſingle Prime Number, and 
that only to ſeven Places of Figures. | 

3. For, as I ſaid before, tis ſufficient to produce 
the Logarithms of Prime Numbers only, becauſe, by 
the Addition, Subſtraction, Ec. of theſe, we obtain 
the Logarithms of all Compoſit Numbers, with 
Eaſe; as will appear further on. Now, tho' there 


are but three Prime Numbers, viz. 3, 5, 7, between 
I 


| 
| 
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1 and 10 ; yet, becauſe the Logarithm of no Num- 
ber between 1 and 10 can be found by the Loga- 
rithms of any of the Proportionals r, 10, 100, 1000, 
Sc. it follows, that the Logarithm of any one of 
the nine Digits is found with equal Difficulty for the 
firſt. Therefore I ſhall give an Example in finding, 
the Logarithm for the Number 9g. | 

4. The Number 10, then, being already ſuppoſed 
at ſuch a Diſtance from Unity as contains 10000000 

ual Parts or Ratiunculæ, which is the Logarithm 
of 103 therefore to find the Logarithm of 9, is to 
find how many, or what Number of thoſe Ratiunculæ 
are contain'd between 1 and 9, which is done in the 
following Manner. 

5. Firſt, make A=1, whoſe Log. is 0.0000000 3 
and BIO, which Logarithm 1.0000000 ; as in the 
Table below. 

Secondly, between A and B, or 1 and 10, find a 
Mean Geometrical Proportional C=3.1622777 ; the 
Logarithm whereof will be half the Logarithm of 10, 
VIZ. 5000000, 

Thirdly, becauſe C is much leſs than 9, find an- 
other Mean Proportional D=5.623413 between B 
and C; whoſe Logarithm will be an Arithmetical 
Mean between the Logarithms of B and C, viz. 
0.7 500000. : 

Fourthly, becauſe D is ſtill much leſs than 9, find 


another Geometrical Mean between B and D, viz. 


E=7.4989421, whoſe Logarithm is an Arithmetical 
Mean between thoſe of Band D, viz. 0.87 500000. 

Fifthly, ſince E is yet much leſs than 9, find yet 
another Geometrical Mean F=8.65964.32, between 
B and E; the Logarithm of which will be an Arith- 
metical Mean 0.93750000, between thoſe of B 
and E. 

6. And thus continue finding Mean Geometrical 
Proporlionals between the Numbers next Greater and 
ext Leſſer than q, till you arrive to the r 9 
itlelt, 
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itſelf, which ſhall be clear of all other Figures, but 
Cyphers, to the Number of Places propoſed ; which 
will happen at the twenty- ſixth Trial, as you ſee in 


——ů— — — — — 


| 


the following Table, 
Proportionals. Logarithms, 
A 1.0000000 0.00900000 
C 3.1622777 O. 50000000 
B 10.0000000 1.00000000 
B 10.0000000 I .00000000 
D $5.6234132 0.7 5000000 
C 3.1622777 O. 50000000 
B 10,0000000 I.00000000 
E 7.4989421 0.87 500000 
D 5.6234132 0.7 5000000 
B 10.0000000 1.00000000 
F 8.65964 32 0.937 50000 
E 7.4989421 o. 8 7 500000 
B 10.0000000 1.00000000 
G 9.3057204 0.9687 5000 
F 8.6596432 ©.937 50000 ! 
G 9.3057204 0.99875000 | 
H 8.9768713 0.95312500 8 
E 8.596432 293280000 | 
G 9.3057204 0.96875000 
1 9.1398 170 o. 96093750 | 
H 8.9768713 ©.95312500 | 
i 9.1398170 _ 0.96093750 ö 
K 9. 0579777 0.95703125 | 
H 8.9768713 0.93312 500 
X 90579777 ©-95703125 
L 90173333 ©0.95507812 | 
H 8.9768713 0.95312500 ; 
L 90173333 0.95507812 g 
M 8.997096 0. 95410166 | 
H 89708713 0.95312500 | 
C 2 8 L 1 


E — 2 


i 
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Proportionals. Logarithms, 
L. 9.0173333 995507812 
N 9.0072008 0.954 58984. 
M_8.9970796 0.95410156 
9.0072008 0.95458984 
O 9g.0021388 0.95434570 
M 8.9970796 2.841016 
O 9.0021388 0.954 34570 
P 8.9996088 0.95422363 
M 8.9970796 0.95410156 
O 9g.0021388 0 95434570 
Q 9g.0008737 0.95428467 
P 8.9996088 0.95422303 
Q g.0008737 0.95428407 
R 9.,00024.12 0.95425415 
P 8.9996088 0.95422363 
R. 9.0002412 0.95425415 
S 8.999920 ©0.95423889 
P 8.9996088 0.95422363 
R 9g.0002412 0.95425415 
T 9g.ooo0831 0.95424652 
S 8.9999 290 o0.95423889 
T 9.0000831 0.95424052 
V 9.000004 1 0.95424271 
S 8.9999250 y9.95423889 
V 9g.o000041 0.95424271 
X 8.9999650 0.95424080 
S 9999250 095423660 
9.000004 f 0.95424271 
Y 8.9999945 0.95424217 
X 8.9999650 ©.95424080 
V9. 000004 I 0.95424271 
Z B8.9999943z3 0.95424223 
Y__ 8.9999845 0.95424217 


( 
1 
( 
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Proportionals. Logarithms. 
V 9.000004.1 0.95424271 
a 8.9999992 0.95424247 
Z 8.9999943 0.95424223 
V9. 0000041 0. 98424271 


9.0000 16 0.954242 39 
8.9999992 0.95424247 
9. 0000016 0.954242 69 
9. 0000004. 0.95424253 
8.9999992 0.95424247 
9.0000004. 0.95424253 
8.9999998 0.95424250 
__8.9999992 223424247 
9.0000004. 0.95424253 
9.0000000 0.95424251 
8.9999998 0.954242 50 


* r OS 
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7. Thus, after a long and laborious Calculation, 
(conſiſting of 26 Multi N and Extractions of 
large Numbers) we at length have obtain'd the Lo- 
garithm of 9, viz. o. 95424231, which is exactly 
true to 7 Places or Figures: That is, if the Loga- 
rithm, or Diſtance of 10 from Unity be ſuppoſed to 
conſiſt of 10000000 equal Parts, then the Diſtance 
of 9 from Unity ſhall conſiſt of 9542425 of thoſe e- 
qual Parts l which therefore is the Loga- 
rithm of 9, becauſe it expreſſes the Ratio of 9 to t. 
If the ſaid Logarithm, or Diſtance of 10 from Unity 
were ſuppoſed to confiſt of 100000,00000.00000. - 
©0000. ©0000, 00000. 00090. 00000 00000.00000,m- 
©0000.000000 equal Parts; then the Diſtance of 9 
from 1, would beg5424.25094.30324.87459.00558.- 
05510, 23061. 84002. 57728. 38 139. 17296. 597313 
of the ſame equal Parts; and is its Logarithm to 62 
Places of Figures. But the Reader is not to imagine 
that this prodigious Logarithm was produced * the 

I ore- 
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foregoing operoſe Method: No; for tho? *tis not 
impoſſible, *tis impracticable by that Method; but 
it is the Product of modern Invention; an Inſtance 
of which will be given in due Place. 

8. Having thus found the Log. of 9=0.9542425 
if it be divided by 2, the Quotient or Half, 0.47712 12 
will be the Logarithm of 3, by the Converſe of Ar- 
ticle 12. Chap. 1. The Double of the Logarithm 
of 9 is the Logarithm of 8 121. 90848 fo by the ſame 
Article. And thus by a continual Multiplication of 
this one Logarithm by 2, 3, 4, 5, Cc. you gain the 
Logarithms of all the Powers of Nine. 

9. 'Tis farther evident, that if the Ratio of 10 to 
I, IOOto 10, 1000 to 100, &c. be ſuppoſed only 
Unity or 1, as expreſſed in the Table of Art. 17. 
Chap. I. the Logarithm of Nine, viz. 0.95424225 
will be no other than a Decimal Fraction, whoſe De- 
nominator is the ſaid Ratio, or Unity, with Cyphers 
annex'd, thus 78888288. 


Fa ' 4 2 
Wy . 8 2 3 0. 8 
— 2 4% 
3 | 9g=0.9542425|=S 9. 75838888 
2 Fl IO=1.0000000 | 7, 2 TO=I. COOOOOO 

O W 848 

= 8 4 81=1.9084850 5 8. 8 121.7888885 
V+ T00==2.0000000 | & & 100 . OOOOOOO 
S 2 8 2 8527275 
8 >| 729=2.802727512 2 . | 729 = . 75550000 
2.8 FIR 2 Nx - 

ES t 1000==3.0000000 e { 10003. 0000000 


10. Hence *tis obvious that the Logarithms are 
only the Decimal Parts of ſeveral Ratto's, 1, 2, 3, 
Ec. of 10, 100, 1000, &c. to Unity; and that 
thoſe Ratio's themſelves make the integral Part of 
the mixt Decimal Logarithm, (as I may call it.) 
Theſe integral Parts of thole mixt Decimal Loga- 
rithms, then are what we call the Indexes, or rather 
Indices, of thoſe Logarithms, er frattionel Paris; 
wherefore, the Ratio's of 10, 100, 1009, 10000, 
100000, Sc. to Unity, are the Indices of or belong- 
ing to the Logerithms of ail intermediate Numbers im- 

| mediately 


Chap. II. a Table of LOGARITHMS. 15 


mediately above thoſe Proportionals. So the Ratio of 
10 to 1, VIZ, 1, is the Index of the Logarithms of 
all Numbers between 10 and 100. And 2 (the 
Ratio of 100 to 1) is the Index of all Logarithms of 
Numbers, from 100 to 1000, and ſo on. 

11. From whence *tis eaſy to obſerve, That the 
Index of any Logarithm contains a Number of Units 
leſs by one than is the Number of Figures in that Num- 
ber which belongs to the ſaid Legarithm, 


: 5 15 8 
5 Therefore af EX 9 21 — wa 
| the Num- >= © Su 425 
ber 722912827303 292. 
1000128 8K 14082 
— © 2&3. 


12. Now as this Index is thus called, from its in- 
dicating or ſhewing how many Places of Figures 
there are in the Number of the Logarithm ; ſo, on 
the contrary, the Number of the Logarithm, as 
plainly ſhews what the Index of the Logarithm muft 

be. And therefore, ſince inghe Tables of Logarithms, 
all the Numbers of thoſe Logarithms are appoſitely 
laced in proper Columns by them, *tis entirely need- 
25 to print the Indices, as being well enough known 
by the Numbers; and thus they are (for this Rea- 
ſon) omitted in ſeveral of the ſaid Tables; and con- 
ſequently in thoſe we have here, in ſo conciſe a Form, 
now firſt of all made publick. 

13. What has been ſaid hitherto, relates altoge- 
ther to the Logarithms of J/hole Numbers; but the 
ſame Doctrine is equally applicable both in Theery and 
Practice, to fractional Numbers; for in ett, the 
Properties of Decimal and Whole Numbers are the 
ſame. Thus the Series of decuple Proportionals, f, 
10, 100, 1000, I0000, Wc. may be continued as 
well below Unity, as above it; for the following Rank 
of Numbers, viz. 75577, ge, ru, 18, I, 10, 100, 
1000, 10000, c. which may be thus expreſs'd, 
00081; 0,001, ,t, , , 1, 10, 100, 1006, 

10900, 
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toooo, Ec. are all in a Geometrical Detuple Ratis 
er Proportion; and conſequently equally diſtant from 
Unity on each Side, and fo their Logarithms equi- 
different, and the ſame. The Ratio's then, in the 
Scale above Unity, may be called Poſitive Ratios, 
and thoſe below Unity, Negative Ratio's; and thus 
the Index of a Logarithm of a Whole Number, or In- 
teger, ſhall be poſitive, but the Index of the Loga- 
rithm of Fraction ſhall be negative. 

14. And fince Vulgar Fraftions, Duodecimal, Sex- 
agefimal, &c. Fractions, are all reducible to Decimals ; 
tis evident that all Numerical Arithmetic whatſoever 
is ſubject to, and manageable by this Art of Lopayith- 
mical Arithmetic. The only Difficulty being in ad- 
apting or readily finding the proper Inden to the 


Logarithm of a Decimal Number. For, ſince the 


Index in the Logarithm of Integer, ſhews only the 
Number of Places or Figures in the ſaid Integers, tis 
plain thoſe Ingices decreaſe, as the Places of Figures 
in the Integer decreaſe,* and intirely vaniſh when 
thoſe Places of Figures become Unity or one, that 


is, the Index is then o; and conſequently cannot 


ſerve for Decimal Numbers. 

15. Therefore ſome new kind of Indices or Cha- 
ratteriſtics muſt be invented, which ſhall be proper 
only to Decimal Numbers, as the other are to Inte- 
gers; and ſuch as ſhall as readily diſcover the Num- 
ber of Cyphers to be prefix*d to the ſignificant Figures 
in the Decimal, as the other determine the Number 
of Figures in the Integer, are in the ſame degree uſe- 

ul for Decimals, as they for [ntegers. For as to the 
ſignificant Figures of the Decimal, the Logarithm it 
ſelf diſcovers them; all therefore that is farther neceſ- 
ſary, is to procure ſuch Indices as ſhall at all times 
denote how far, or how many Places from Unity, the 
firſt fienificant Figure of the Decimal muſt ſtand z or, 
which amounts to the ſame, how many Cyphers muſt 


 beprefix'd to compleat the true Value of the  - 
10. 


— 2 »w 
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16. The Indices for pv 
; 47500=4.6766936 
this P 1 1 le are there, hegen 4750 3.67669 36 
being ſubſtrated from - 


9, ſhall have 4 Re og 1.070092 
mainder expreſſing the HIS 6 
Number of Cyphers to Len * 
15 »0475=.8.6766936 
be prefix*d; thus the ] Pl a Ry +" AP; 
Index of a Decimal „ 
,000475=.6.6766936 
whoſe firſt Figure (to | e 
the Left, ) is ſignificant, * — a Ae. 
muſt be 9, becauſe 9g—9g=o, that is no Cypher is to 
be prefix d. And thus, a Decimal that has 1, 2, 3, 
4, Sc. Cyphers, muſt have the Indices, accordingly 
8, 7, 6, 55 Sc. becauſe 9—8=r, g9—7=2, 9—06=3, 
g9—5=4, &c. denoting the Cyphers to be prefix*d to 
the Decimal Numbers. This is evident by the Ex- 
amples in the Table above ; but it is proper to dott 
theſe new Indices on each Side, to diſtinguiſh 'em 
from thoſe which belong to the Logarithms of In- 
tegers. 

17. From all that has been ſaid hitherto, *tis evi- 
dent, that while the fgnificant Figures in any Number 
whatever, Integral or Decimal, are the ſame, the Lo- 
garithm of thoſe Figures will be the ſame alſo ; the 
Variation occaſion'd by the differing Nature of the 
Number, being only in the Indices, as denoted in 
the ſaid Table. But ſomething farther will be ſaid 
of the Nature and Variety of Indices, when we come 
to treat of the Practical Rules of Addition and Sub- 
ſtraction of Logarithms ; I ſhall now proceed to the 
next Chapter, wherein the myſterious Nature, or Doc- 
trine of Logarithms will be farther illuſtrated, and 
render'd more obvious to the Senſes by Geometrical 
Schemes and Demonſtrations. 
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CHAP. I. 


7 he Doctrine of the Nature and Properties of Lo- 
garithms farther explained and illuſtrated, by 
means of the Lod ARITHMIC CURVE. _ 


N explaining the Nature of Logarithms from 

the Logarithmic Curve, *twill be expedient to 
repreſent Proportional Quantities by Letters or Species; 
as being ſuited to a mofe univerſal Theory than Num- 
bers, and better applicable to Right Lines, by which 
alone both Numbers and their Logarithms are repre- 
ſented in the Geometrical Method now before us. 

2. In a Series of Proportionals, then, increafing 
from Unity, let the firſt be Sa; then will the Se- 
ries be 1, a“, a, a3, at, a, &c. where tis evident 
the Indices or Exponents of the ſeveral Powers of a, | 
are a Series of Numbers in Arithmetical Progreſſion, | 
each whereof ſhews the Place or Diſtance of its Term | 
from Unity; thus the Term a4 is ſhewn by its Index | 
4 to be in the fourth Place from Unity; and 4“ is in 
the fifth Place; or a“ and a* are four and five times 
more diſtant from Unity than the t Term a; which 
is here the common Ratio alſo. 

3. From hence you-obſerve, that the Exponent 
of the Powers of the Terms in the Series 1, a“, «*, 
a5, a4, a“, a*, a", &c. are the Logarithms of thoſe 
Terms reſpeRively. Let the Exponent be =e ; then 
bom Terms, 1, a, aa, aaa, aaaa, aaaaa, 246409, &c. 

eee 
Therefore 
N As aaxaaaz=a* ; axa*=a*; and aaxaaavl 4. 

So 2e+3e=ze; gere; and 20g e ge. 

and ſo every where, agrecable to the Nature of Ls- 
garit hms 


oY ” - 


— A052; ee. ci oe oe 
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garithms before deſcrib'd, in the two preceding Chap: 
ters. 
4. If between 1 and à there be put one mean Pro- 


portional, viz. V, its Index or Exponent muſt be 


— 1 

wrote 2; thus Va=a*; for o, 2, 1, have an Arith- 
metical Ratio; and ſo the Terms 1, az, a, are Geo- 
metrical Proportionals. Thus, a mean Proportional 
between a and aa, is aV a=a'z—a3, Alfo if you 
conceive two mean Proportionals between 1 and a, 
they ſhall be , a7; for 1:95 :: a3: a; and o, 3, 5, 
I, have an equal Difference. 

5. Moreover the ſame Series of Geometrical Pro- 
portionals may be continued both ways, and be made 


decreaſing as well as increaſing ; that is, it may as 
well deſcend below Unity to the left Hand, as aſcend 


above it to the Right, Thus the Terms 45, a*, 47, 
2, 2, 1, a, a*, as, at, a*, &c. are all in the ſame 
Geometrical Progreſſion. And ſince the Diſtance of 
* from Unity towards the right Hand is poſitive, and 


denoted by the poſitive Exponent +2 ſo 4* being 
equally diſtant on the contrary Side, or below Unity, 
and this Diſtance being negative, therefore the Ex- 
ponent thereof may be thus negatively expreſs'd, 


= * Ly, 3 
a D 1, and fo 4 is the ſame as 2 3; thus the 


, , ho &. 0. 0, 
a*, a*, &c. is the ſame as the laſt foregoing. 

6. Therefore, in thoſe Series, if @ repreſent any 
Right Line (ſee Fig. 1.) da, or the Square thereof, 
is not to be taken as a Quantity of 7wo Dimenſions, or 
Surface, viz. a Geometrical Square ; but only as a 
Line that is a third Proportional to ſome Line taken 
as Unity, and the Line a. So likewiſe aaxa, or aaa, 
is not a Quantily of three Dimenſions, or a Geometri- 
cal Cube; but a Line that the fourth Term or Pro- 
portional in a Geometrical Series, Whoſe firſt Term is 1, 

2 ai.d 
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and ſecond a. And thus you are to conceive of all 
the reſt ; viz. ſimply as Proportionals of Length 
only. 

's. This being premiſed then, -if on any Line, as 
AN (Fig. 2.) both ways indefinitely extended from A, 
be taken the equal Diſtances AC=CE=EG=GI= 
IL=LN, to the right Hand; and Ac=ce=eg, Cc. 
on the left; and if on the Points g, e, c, A, C, E, 
G, I, L. N, be erected to the Right Line gN, the 
Perpendiculars gh, ef, cd, AB, CD, EF, GH, IK, 
LM, NO, which let be in a continual Geometrical 
Proportion to each other, and repreſent Numbers, 
whereof AB=1, or Unity. The Tops of theſe 
Lines being duely join'd, from what 1s call'd the 
Logarithmetic Curve, viz. hBHO ; by which we 
are farther to explain and illuſtrate the Nature and 
Properties of Logarithims, | 

8. But a more compleat Idea of the Logarithmical 
Curve, may be conceiv'd by a twofold Motion of the 
Line AB; the one eguable, the other accelerated or 
retarded in any given Geometrical Ratio: For Ex- 
ample, if the Right Line AB moves uniformly along 
the AN, ſo that the End A deſcribes equal Spaces 
AC=CE=EG, Sc. in equal Times; while in the 
ſame Time the faid Line AB fo increaſes, that the 
Increments thereof generated in equal Times, be pro- 
portional to the whole increaſing Line; that is, if AB 
in moving forward to ab, be increaſed by the Incre- 
ment ob, and in an equal Time, when it comes to CD, 
the Increment thereof is Dp ; and Dy: ab:: bo: AB; 
then the End B of the ſaid Line AB thus continually 
increaſing or decreaſing in the ſame Ratio, will deſcribe 
the Logarithmic Curve. For ſince AB: bo :: ab: Dp 
: DC: aq, &c. it ſhall be, by Compoſition of Ratio, | 
as AB: ab :: ab: DC:: DC: 4c; and fo on. | 


9. Since (from what has been ſaid) the Line : 
AB=1, and the other Lines CD, EF, GH, Sc. pro- ( 
eced from thence to increaſe in a Geometrical Neatio, { 


and 


T 


>» 
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and their Diſtances AC, CE, EG, Sc. are all equal 
to each other (by Art. 7.) Therefore it follows that 
the Diſtances or Lines AC, AE, AG, Sc. are the 
Logarithms of thoſe Numbers repreſented by the 
Right Lines CD, EF, GH, Sc. according to the 
Definition of Logarithms, Chap. I. Art. 1, and 13. 
For if AC=1, then AE=2, AG=3, Sc. and ſo in 
the Series of proportional Numbers AB, CD, EF, 
GH, IK, LM, NO, Sc. we have the Logarithms 

o, AC,' AE, AG, Al, AL, AN, 2 

o, 1AC, 2 AC, 3 AC, 4AC, AC, 640, 8 

10. As Logarithms, then, are the Exponents of the 
Ratio's of proportional Numbers to Unity in any Se- 
ries; or ſhew the Place, Power, or Order of the 
Numbers with reſpe& thereto; *tis plain that the 
Logarithm of AB or Unity muſt be =o, becauſe U- 
nity is not diſtant from it ſelf. Alſo if the Ratio of 
CD to AB be Se, then ſhall the Ratio of the Num- 
ber EF to AB=x x x=xx; or Duplicate of the former; 
and the Ratio of GH to AB=xxxxx=x*, or Tripli- 
cate of the firſt Ratio x. Thus the Ratio of NO to 
AB=x*. And conſequently the Numbers, their Ra- 


tio, and Logarithms, will ſtand in the following 


Order, viz. 
Prop. Ne. AB, CD, EF, GH, IK, LM, NO, Sc. 
Ratio's v6.6 09 Gs Xs x?, x7, x*, x*, Sc. 
Logarithms o, AC, 2 AC, 3 AC, 4AC, 3 AC, 6AC, &c. 
11. If four Numbers be ſuch, that the Diſtance 
between the firſt and ſecond, be equal to the Diſtance 
between the third and fourth, (be the Diſtance be- 
tween the ſecond and third what it will) then theſe 
Numbers will be proportional ; for let the four 
Numbers be AB, CD, LM, and NO; then becauſe 
AC=LN, it will be AB: Dp::LM : OT, by Art. 8. 
Therefore (by Compoſition of Ratio) AB: DC :: LM 
: NO. And thus of any other four Numbers in the 
Geometric Serie. The Converſe alſo of this Propo- 
ſition is as maniteſtly true, 


12. 
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12, Since AB=1, and its Logarithm =o; and 
ſince Unity is to the Multiplier as the Multiplicand is 
to the ProduF, in every Multiplication ; therefore to 
every Addition of Logarithms, there correſponds. a 
Multiplication of their Numbers, Thus, 


Numbers, CDxEF=GH ; and EFxIK—=NO, 
Logarithms, ACHAE=AG; andAE+AI=ZAN,. 


And in Diviſion, fince Unity is to the Diviſer as the 
Quotient to the Dividend; then (by Art. 11.) for 

every Subſtraction or Difference of Logarithms, there 
correſponds a Diviſion of their Numbers, Thus, 


Numbers, GH—EF=CD; and NO—EF=IK. 
Logarithms, AGA EAC; ſo AN—AE=AIL. 


agreeably to what was ſhewn in Chap. I. Art. 10. 

13. Again, ſince Unity, any umd Number, the 
Square thereof, the Cube, the Biguadrate, &c. are all 
continual Proportionals, their Diſtances from each 
other will be equal to one another; and are therefore 
as the Numbers AB, CD, EF, GH, Sc. in the Se- 
ries. Conſequently if tie Diſtance or Logarithm of 
the Number CD be multipli:; by 2, 3, 4, Sc. there 
will anſwer an [nvolution of the ſaid Number to the 
Square, Cube, Biquadrate, &c. Power. 


Thus for the Square 
Numb. CDxCD=EF ; and EFx&gZF=IK. 
Log. Aci AE; fo AE x2=AI. 
For the Cube 
Numb. CDxCDxCD=—GH ; and EFXEFXEF= NO. 
Log. Ax23=AG; and ſi AEZ AN, 
For the Biquadrate 
Numb CDxCDxCDxCD (=EFxEF;}=IK. 


Log. Ar (AEZ Al. 
Which is the ſame as was obſerved in Chap. I. 
Art. 12. 


14. If the equal Diſtances AC, CE, EG, GI, IL, 
be biſected, and in the Points of Biſection à, c, “, gl, 
there 
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there be erected the Perpendiculars ab, cd, ef, gh, ik; 
theſe, by means of the Curve, will be all Proportio- 
nals; and the Number LM will be in the zenth 
Place from Unity or AB : if then we put LM=10, 
and ſuppoſe its Ratio to Unity be 10000000, ſuch 
Ratiunculæ, as that of #0 to AB, or Unity is 1. 
Then will the Numbers and their Logarithms be as 
expreſs'd in the following Table. 


Numbers. | Logarithms, 
AB =1 O. 
| 4b 1.259, Cc. Aa = 1000000 
CD = 1.585, Wc. AC= 2000000 | 
cd =1.996, Sc. Ac = 3000000 
[EF =2.512, Oc. AE = 4000000 |} 
[| ef = 3.163, Sc. Ae = 5000000 
GH=u 3.982, &c. AG = 6000000 
gb =5.072, Cc. Ag = 7000000 
IK =6.310, Sc. AI = 8000000 
ik =7.944, Cc. Ai = 9000000 
==-10. AL =1 COOOOODO., |} 
| Numbers. Logarithms. 
AB  =-1 O 
CL): 22 AC = 3010300 
KEE = 37 AE int 
GH = 4 AG = 6020600 
IK. = 5 AI = 6989700 
LM =—=6-:| AL = 95781512 
NO =7 AN= 8450980 
Ni AP = 9030900 
RS = AR = 9542425 
| TV =10 AT =10000000 


15. If BRV (Fig. III.) be the Logarithmetic 
Curve, and AB=1, TV=10, or 10AB; and all 
the intermediate Lines CD, EF, GH, Sc. be as 
Digits 2, 3, 4, Cc, to 10; theſe Lines will be ſitu- 


ated 
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ated at unequal Diſtances from each other; and ſo 
their Logarithms AC, AE, AG, &c. not proceeding 
to increaſe by equal Differences, ſhew the Numbers 
AB, CD, EF, &«. are not ordinately (or all of them) 
in a Geometrical Ratio or Proportion. If the Ratio 
of 10 to 1, or TV to AB be ſuppoſed to conſiſt of 
10000000 Ratiunculz, and conſequently the whole 

rithm AT of 10000000 equal Parts, then. the 
Diſtances of each of the nine Digits from Unity, viz. 
AC, AE, AG, Sc. ſhall conſiſt of ſuch Numbers 
of thoſe ſmall equal Parts, as are exptefſed in the 
Table, oppoſite to the ſaid Digits. 

16. Yet ſince ſome of the Digits are in a Geome- 
tric Ratio, as 1, 2, 4, 8, their Logarithms will be 
equidifferent ; ſo AC G GP; and becauſe 1: 3: 
3:9, there is AE = ER; and thus it appears that 
tho' the nine Digits are not all in continual Geometri- 
cal Proportion, yet ſome of them are ſo; and the 
reſt are ſome of thoſe Proportionats, of which there 
be 10000000 between AB=1, and TV=10. If 
the firſt Term from Unity be called x, the ſecond 
will be x*, the third x3, &c. and fince the Number 
IO is the 10000000th Term of the Series, it will be 
io. Allo CDaw*? t and 
EF “u g; and ſo on. Whence every Digit | 
is ſome Power of that Number which is the firſt Pro- 
portional from Unity : The Exponents or Indices of . 
the Powers being the Logarithms of the Numbers, 


agreeable to Art. 10. of this. | a 
C 

| a 

t. 

85 : 


CHAP. 8 


Chap. IV. The Natureef LoGARITHMS, 25 


ESRI 


| CHAP; IV. 
The Nature of Legarithms and their Indices, 


when the Numbers are Fractions, farther ex- 
plain'd by the LoGARITHMIC CURVE. 


I. E have hitherto principally conſidered the 
Nature and Properties of Logarithms of 
whole Numbers or Integers, and have obſerv'd that 
in the Decuple Series 1, 10, 100, 1000, c. the 
Terms have their Ratio's to Unity affirmative or po- 
fitive, viz. 1, 2, 3, Sc. or thus, +1, +2, +3, 
Sc. the contrary of which happens when the Num- 
ber of the Logarithm is not integral, but fractional, 
or expreſſes only ſome fractionate Part of Unity. For 
there the Series being continued on the other Side, or 
below Unity, hath the Indices of the Powers of the 
Terms of a Quality directly oppoſite to the former; 
and therefore as thoſe Indices were poſitive, ſo theſe 
will be of a negative Nature, and import the Terms 
to be below the State of Unity, or rather of Integrity; 
and will be affected with the Sign —, as — I, —2, 
—3, Sc. as is evident Chap, III. Art. g. 

2. Wherefore ſince AB repreſents Unity, (Fig. II.) 
all the Numbers in the Series towards the right Hand, 
or above Unity, CD, EF, GH, Sc. being integral, 
and having the Ratio greater than Unity, will have 
the Logarithms thereof poſitive, viz, KAC, AE, 
+AG, Sc. But thoſe Numbers or Terms on the 
Left, or below Unity, cd, ef, gh, &c. being frac- 
tionate, and having the Ratio /eſs than Unity or de- 
creaſing, will have the Logarithms thereof Negative, 
Viz, —Ac, —Ae, —Ag, Sc. And ſo the — 

E ot 
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of thoſe. Logarithms will be reſpectively affirmative 
or negative, 

3. Since then (as hath been all along ſhewn) the In- 
dices of the Logarithms of Integers, as being affirma- 
tive, muſt be added, that ſo their Sum may indicate 
the Product of the Numbers multiplied ; as AC AE 
= AG, which ſhews that its Number GH=CDxEF, 
the Numbers multiplied ; fo if the Index of one Lo- 
garithm be negative, and the Index of another be af- 
firmative, the Difference of thoſe tho Indices muſt 
be taken for the Product of the Numbers. Thus to 
multiply the Integer GH by the Decimal cd, their In- 
dices being + AG, and — Ac, their Difference 
AG -A SAE, and ſhew the Number EF is the 
Product of the other two. And here, becauſe the 
greater Index GH is affirmative, the Difference alſo 
AE is affirmative, and the Product EF to be an In- 
teger or on the right Hand of Unity. 

4. But if the Decimal gh be to be multiplied by the 
Integer CD, whoſe affirmative Logarithm or Index 
AC is the negative Index of the Decimal, viz. 
Ag, their Difference Ag — AC= Ae, is negative 
alſo, and ſo ſhews the Product ef will be a Decimal, 
or below Unity. Again, if both the Indices of Loga- 
rithms, whoſe Numbers are to be multiplied, are ne- 

gative, their Sum ſhall be a negative Index whoſe Lo- 
garithm points out the Product (in this Caſe) always a 
Decimal, or in the Series below Unity AB. For Ex- 
ample, to multiply the two Decimals cd, ef, the Sum 
of their negative Indices Act Ae Ag is negative, 
and ſhews the Decimal Product gh, ever below Unity. 

5. The Reaſon of all which is very plain; for 
ſince Uni!y is to the Multiplier as the Multiplicand to 
the Product, and the Logarithm of Unity is S; 


Unity, any to Numbers and their Product, together 


with their Indices, will ſtand as follows: 


1. 


88 8 


1. 


7 
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Ind, d, AC, AE, AG, 

Num. AB: CD. EF : GH, 
RIO" AC+AE = AG + 92 = AG. 
OREN 155 x EF =GH x 1 =GH. 


$ o, —Ac, +AG, +AE, 

: AB : cd:: GH: EF. 
: AG— Ac =<AE+o=AE 
therefore {on xd RF x1t=iF 


o, AC, —g —Ae, 
3.4 AB: CD :: gh: ef, 


ern 

therefore} CB „ gh Ii ef ef. 
Ac, —Ae, —Ag, 
+: 1 00: e os ; 


3 =— Ap, 
* * M 1 X * * 

6. From whence *tis evident, if the Numbers are 
both Integers, the Product will fall in the Scale above 
(or be greater than) either; if they be of different 
Sorts, the Product will fall between them, above 
Unity if the greater Number be an Integer, or below 
Unity, if it be a Decimal. Laſtly, if both the Num- 
bers be Decimals, the Product will fall below Unity 
and them both, or will be leſs than either of them. 
Theſe things well obſerv*d and underſtood, make all 

the Myſtery of the Arithmetic of Fractions by Loga- 
rithms vaniſh, where it is taught with the Uſe of ne- 


gative Indices to Logarithms of fractional Numbers, 


as it is to be found in ſome Books. Note, I have all 
along in this Chapter, ſaid affirmative or negative In- 
dices, and not affirmative and negative Logarithms ; 
becauſe the Indices only ſhew the Quality of the 
Numbers, viz. whether above or below Unity, greater 


or /eſſer than it, i. e. whether they be Integers, or 


wholly Fraftions; and therefore theſe Indices muſt be 
carefully added or ſubjtre#ed, as occaſion ro 
2 an 
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and as before directed; but the Logarithms ſhewing 
the Diſtances of Numbers from Unity indifferently, 
or without reſpect to the Order of above or below, are 
always to be added 

7. But ſince this Method of negative or different 
Indices to Logarithms is attended with Addition, Sub- 
traction, and other intricate Cautions peculiar to 
themſelves, it can't be recommended ſo much as an- 
other Method more approv'd, and therefore more ge- 
nerally uſed; wherein the Indices of all Logarithms, 
(both of frattional as well as integral Numbers) un- 
dergo the ſame common Management with their Lo- 
garitihms; and ſo can't be fo difficult to Learners as 
the other; tho? it is alſo attended with particular 
Rules, as you'll find farther on, and is as follows: 


Numbers. Indices. Log. 
jut =,0000000001] © —10 O 9g0.0000000 
rs = ,000000001| tr - 9 1. 91,0000000 
\ [pq=z ,o0000001]tp =— 8. 2. een 
2 no ,oooo001|tn =— 7. 3. 93.0000000 
85 Im= 000001] tl =— 6. 4. 94,0000000 
5 ik = 0000 If ti = — 5. 5. 95. 0000000 
gh ,0001]tfg=— 4. 6. 96.0000000 
ef —= „001i te=— 3. 7. 97.0000000 
"= „OI te - 2. 8. 98.0000000 
ab = „ita — 1. 9. 99.0000000 

8 AB It AS oO 10.100.0000000 
| CD lee = 1. 11. 101. ooo 
2 EF. root DS 2. 12. 102. oOo 


8. Let AB be , or Unity (Fig. IV.) and let 

tu be a fractional Number 10 times as far below U- 
nity AB, as CD is above it; then will At=10AC, 
and ſuppoſing the Number CD=10, *tis evident 
WEZ=;55550550003 OF 40000000001 3 if then, _ 
0 
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of the Logarithms beginning at Unity AB (as in 
the former Caſe) we make *em begin from tu= 
,0000000001, then the Index of Logarithm of the 
Fraftion rs, will be 1; of pg, 2; of no, 3; and fo 
of Unity AB, 10 ; and finceCD=10, EF ioo; the 
Indices of their Logarithms will be tC=11, and 


tD=12, Sc. as is evident in the foregoing Table 


where you ſee the fractional and integral Numbers 
with Indices of three ſeveral Kinds fitted to the Lo- 
garithms of the ſaid Numbers. 

9. That every thing might be made plain, I have 
made the Index of the Logarithm of Unity, =o, in 
the firſt Rank of Indices; and according (as we have 
ſeen above) the Indices of all the Logarithms of 
Numbers above AB will be poſitive, as +1, +2, Cc. 
and of thoſe below it negative, as —I, —2, —3, 
Sc. as in the Table. But if (as in the ſecond Rank 
of Indices) the Index of the Logarithm of Unity AB 
be made =10 ; then ſhall the Logarithms begin (as 
before ſuppoſed) from the 10h Place below it, viz. 
from the Number ut=,0000000001, and then all 
the Indices of all the fractional Numbers between 
7355555575» Or 0,0000000001 and 1, will be affir- 
mative or poſitive, and not negative as before; as is 
ſeen in the Table, So that by this Method we have 
got poſitive Indices for the Logarithms of Decimal 
Numbers as well as for Integral Numbers; and ſo 
both capable of the ſame Management, which could 
not be with negative Indices, as before ſhewn. 

10. Alſo in the third Rank (which is here given, 
not for Variety only, but becauſe *tis oftentimes of 
Uſe) the Index of the Logarithm of Unity AB is made 
=100; and conſequently that theſe Logarithms be- 
gin from the Fraction which is the 1001b Preportio- 
nal below Unity, in the Ratio of x to 10, or + to r. 
Whence the Indices of Logarithms of all Fractions 
between o, 00000000000000000000 0000000000- 
QOOOOOQODDO OOOQDOODOOO ©OOOO0DCOOOO 0000000000 

OOCOCOO0OOA 
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0000000000 0000000000 0000000001 and 1, will 
of courſe be poſitive ; and fo in this Claſs, the Indices 
of Logarithms of all decimal Numbers (greater by far 
than Uſe, or even Curigſity, can deſire) will be poſitive 
alfo, as well as thoſe of the Logarithms of integral 
Numbers ; and therefore in ſhort, we have obtain'd 
Poſitive Indices for the Logarithms of all Numbers in 
general, and ſo the Trouble of Addition and Subſtrac- 
tion of different Parts of Logarithms at the ſame 
time, is avoided, as was propoſed. 

11. But (as I have before obſerved, Chap. II. 
Art. 16.) the Indices of the Logarithms of Decimals 
ſhould be diſtinguiſhed from the Indices of Loga- 
rithms of Integers in Operations; and this I think is 
beſt done as there directed, viz. by fixing a Dott on 
each Side the ſaid Indices, And thus manifeſtly ap- 
pears the Reaſon of all that is deliver'd in Chap. II. 
trom Art. 13. to the End. 

12. Now in multiplying, dividing, &c. of Frac- 
trons, the Factors may be either both Decimal ; or one 

Decimal, and the other an Integer; if both the Fac- 
tors are Decimal, the Product will be Decimal, in Mul- 
tiplication. If the Factors be of different Sorts, and 
the Ratio of Unity to the Decimal be either leſs, 
equal to, or greater than the Ratio of Unity to the In- 
teger; then ſhall the Product be greater, equal to, or 
leſs than Unity; i. e. it will be Integer, Unity, or De- 
cimal, in multiplying ; all which will be evident by 
the following Examples, ſerving as ſo many Rules 
for the right ordering of Indices in Operations. 


13. CAB:cd::ab: ef 5 bi x ab x ef—=ef, 


— — — — 7 — 
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— = \ = — a IS — — 2 
_—_— 
— 


— 1 


— 
— — —— x SC i 


2 * 
. — — — — — — 
— — — —— 


— — _ 


| 
| 
| ' 


tA. . 1 . U tc L. ta. t A- te. 
Ws: 
»— 
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AB:ab::EF: & uz [ abxEF=1 x CD=CD. 
tA. ta. tE. = <.ta,+tE=tA.+tC. 
$3 20.49: 33, 2 9 +12.=10,+11. 
And ity 9.+12,—10=11.= 
Index of CD. 
AB:ab::CD: = ＋ (ab x CD I x 1=1 
tA. . ta. tC. > J. ta. t C StA ＋tA. 
0. 9. 11. = (. 9. IIS IO io. 
Therefore . . 9. ＋11.— 10102 
Index of 1. 
Ab. cd:: CD: ab. J d: [CD x cd=1 x chanel 
tA..tc. tC. .ta.v = 4 tC.+.tc.=tA.+.ta. 
+ 10. 8. 11. 9. 8 | 11.+.8.—10.+.9, 
and therefore again . . . 11. 8.— 10.9. 


Index of ab, 


14. From theſe Obſervations well conſider'd, *tis 
eaſy to apprehend the Truth of what is deliver'd in 
Art. 12. above. And fince AB, in theſe Examples of 
the Products, hath for the Index of i its Logarithm 10, 

*tis equally obvious what the Indices of the Logarithms 

of the Products would be, were the ſaid Index of the 
Logarithm of AB made 100. In this preſent Caſe 
were tA=10, if we reject 10, the Indices of the 
Logarithms of integral Products will be the ſame as 
if the Logarithms began at AB or Unity; as is plain 
in the 2d and 3d Examples; and accordingly if 
tA—100, we reject 100, and the Caſe is the ſame, 

15. But fince *tis moſt convenient to have the In- 
dices of all Logarithms of integral Numbers to begin 
from Unity in the fimple Order, o, 1, 2, 3, Fc. as 
if the Logarithms did really begin from thence z ſo 

'tis but rejecting 10 from the ſaid Indices in their 
preſent State, and what we defire is obtain'd. 


Thus 
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I, 8, + 9. — 102 7. 

Thus the fore- J 2. .9.+ 12. — 10 = 11. 
going Caſes }3. 9. +11, — 10 = 10. 
$11, 7-8, — 10:9; 


by rejecting 10 from C. 8. + .9, —o =.17.|. 


7. 
the Indices of the).9g., + 2 —o — 11.| 1. 
Logarithms of In- } .g, + 1 — o = 10. [o. 
tegers, becomes {1 +8 —o= 99. 9. 


Then from the Sums .17. 11. 10. .9. again rejecting 
10 (where *tis found) we have the Remainders .7. 1. 
o.. 9. the true Indices of the Logarithms of the Pro- 
dutts, as required. 

16. If either Factor, or the Produi? of them, 
exceeds the Limit of g , or is leſs than 
,0000000001, we ſhall find it moſt convenient to uſe 
the Indices of thoſe Logarithms of which the Index 
of the Logarithm of Unity or AB is =100, viz. 
thoſe Indices in the 3d Claſs in Table of Art. 8. here- 
of. And if, in all the foregoing Caſes, inſtead of re- 
jecting 10, we now reject 100, we ſhall have the In- 
dices of the Logarithms of the Products the ſame 


kind as before. 


1. .98. + .99. — 100 = ,97. 
2. .99. + 102 — 100 = 101, 
3. .99. + 101 — 100 = 100 
4. 101, + 98. — 100 = .99. | 
EVR .98. + .99, — 0 =.197. | .97. 
by rejecting 100, 1.99. + 2 —o = 101. | 1. 
becomes 99. + 1 —0= 100, | O. 
| 101. + .98, — 0 = 199. 99. 


Thus here you ſee the Effect the fame as above, 
Art. 15. if .97. .99. be deducted from 100, as .7. 
9. were from 10, the two middle Indices being the Þ 
ſame in both Caſes, 1 


17. 


| Logarithm of Unity. Again, 
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17. In Di viſion, the Diviſor is to Unity as the Divi- 
dend is to the Quotient; and fo the Diſtance between 
Unity and the Diviſor is equal to that between the 
Dividend and Quotient. If then the Fraction ef be 
divided by ab, becauſe aA is Sec, therefore cd is the 
Quotient, the Index of whoſe Logarithm is te; but 
tce=tA+te—ta. Alſo if the Integer CD be divided 
by the Fradtion ab, becauſe aA CE, therefore EF 
is the integral Quotient whoſe Logarithm is t E; but 
tE=tA+tC—ta. Again, let the Fraction ab be di- 
vided by the Integer CD, becauſe CAm=ac, there- 
fore the Fraction cd is the Quotient; whoſe Loga- 
rithm te=tA+ta—tC ; that is, in every Caſe, he 
Logarithm of the Diviſor being taken from the Loga- 
rithm of the Dividend, it to the Remainder, you add 
the Logarithm of Unity, the Sum will be the Loga- 
rithm of the Quotient: which is but the Conver/e of 
the Rules for the Logarithms in Multiplication, as 1s 
evident by Inſpection of Art. 13. foregoing. And 
the Methods there mention'd for duely adjuiting the 
Indices, are to be equally obſerved here. 

18. In Involution, or raifing the Powers of Frac- 
tions, tis evident that the Diſtance between Unity and 
the Root, is equal to the Diſtance between the Root 
and the irt Power, the firſt and ſecond Power, the 
ſecond and third Power, and ſo oa. Therefore ſince 
Aamab=ce=eg, &c. cd= Square of ab, ef = Cube, 
gh= Biquadrate, &c. Power of the Root ab. But 


| ſince AB:ab::ab:cd::cd:ef::ef :gh, Fc. there- 


tore the Logarithms tA+tc=2ra, and fotc=2ta—tA. 
That is, the Logarithm of the Square of the Root is 
equal to double the Logarithm of the Root % the 


— =tc=2ta—tA, 


and ſo ta--te=4ta—2tA ; that is, tez=gta—2tA ; 


in Words, the Logarithm of the Cube is equal to 
| 1riple the Logarithm of the Root, leſs double the Lo- 
I 


garithm 
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garithm of Unity. Moreover, —.— =3ta—2tA, 


therefore tc + tg=6ta — 4tA 3 but tc=2ta—tA, 
ſubduct this from the /aft Equation, there will re- 
main tg==4ta—3ta z or the Logarithm of the Bi- 
quadrate. 

19. And univerſally, if the Power of a Frac- 
tion be x, and the Logarithm = L, the Loga- 
rithm of the Power x ſhall be =xL—x—1 xtA, 
or =x1L—xtA +tA. Thus, ſuppoſe you would 
know the Logarithm of the Square of the Fraction 
de; here x, and IL te, therefore 2tC—tA=tg, 
the Logarithm of the Square gh, as required. If the 
Logarithm of the Cube be defired of the Fraction ef, 
we have x = 3, L te, and ſo 3te—2tA==tr, the 
Logarithm of the Cube rs, as deſir d. And thus you 
proceed for the Logarithms of other Powers. 

N. B. The Indices of Logarithms of all Powers 
of Fratftional Numbers (I mean ſuch as are purely 
fo) muſt be doubly dotted, ſince thoſe Powers al- 
ways fall below the Root, which is ſuppoſed a 
pure Fraction. 

20. Evolution, or the Extraction of the Roots of 
Powers, is juſt the reverſe of the foregoing Proceſs. 
For ſuppole the Fraction cd were given, whoſe /quare 
Root was required. Becauſe AB ? ab:: ab: cd, there- 


fore AB x cd gab xab; and ſoV AB cd gab; there- 
fore the Logarithm De Ata, is the Logarithm of 


pee 2 
ab the /quare Root ſought. Allo if the Cube Root of 
the Fraction ef be required; becauſe AB: ab :: cd: ef, 
we have ABxef=abxcd; and fo the Logarithms 


tA + te tate. But tAHte—ta=tc=2ta—tA, 
that is, 3ta=2tA—te, and conſequently — — Sta 


the Logarithm of ab the Cube Root required. 
24. 
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21. And univerſally, if the Logarithm L of the 
Root of any Power x, of any Fraction rs, be required, 


. tr+xtA—tA 2 
we have this Theorem * , or ti Ta—ixta 


© — — — 


* g * 

—L=te, that is, in Words, the Number - x tA 
added to the Index of the Logarithm of the Fra#ion, 
the Logarithm thus augmented being divided by x, 
the Quotient ſhall be the Logarithm of the Roo 
ſought. Or, ſince tA=10, 100, the Number —1 
prefix*d to the Index of the Logarithm of the Power, 
and the Logarithm thus divided by x, the Quol ien: 
ſhall be the Logarithm of the Root ſought. 


CORRIGAN IRIAGEIEDLGG 


CHAP. v. 


The original Conſtruction of Logarithms by the 
Lord Neper, and the Alteration thereof to the 
preſent Form by himſelf and Mr. Briggs, ex- 
plain d and illuſtrated by the LoGARITHMiIC 
CURVE. 


I, 6 & H E noble Inventer of Logarithms, the Lord 

Neper, having duely contemplated ther 
wonderful Nature, firſt conſtrued and publiſh'd a 
Canon thereof; but thoſe far different from what we 
now commonly uſe. And this was no Wonder, ſince 


ſcarcely any thing receives its Invention, and utmoſt 


Perfection at the ſame time. | 
2, In the firſt kind of Logarithms that Neper pub- 
liſhed, the firſt Term of the continua]! Proportional:, 
was placed only / far diſtant from Unity, as that . 
Term exceeded Unity. Thus, for Example, it on 
be the firſt Term of the Series from Unity AB (lee 
Fig. I.) the Logarithm thereof, or the Diſtance A n, 
or By, was by him put * to vy or the Increment 
e 2 ET - | 2 
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of the Number ny above Unity. If then we ſuppoſe 
vn=1.0000001, the Exceſs of this Number above 
AB=1, is 0.0000001, which therefore, by him, 
was made its Logarithm ; that is, An—0.0000001. 

3. From hence, by Computation, the Number 
10 will be the 2 30238 goth Term of the Series; which 
Number therefore is the Logarithm of 10 in his Form 
of Logarithms : and expreſſes its Diſtance from Unity 
in ſuch Part whereof vy, or An is one. Allo the 
Logarithm of 2 (in this Form) is 6931471 ; of 3, is 
109861223 of 4, is 13862943, Sc. 

4. But this Poſition of the Ratio of the Terms is 
entirely at Pleaſure ; for the Diſtance of the firſt Term 
may have any given Ratio to its Exceſs above Unity ; 
that is, An may be indifferently Jeſs, equal to, or 
greater than vy ; and according to that various Ratio 
(which may be ſuppoſed at pleaſure) between An, or 
By and vy, 2. e. the Iucrement of the firſt Term a- 
bove Unity, and the Diſtance of the ſame from Unity, 
there will be produced different Forms of Loga- 

. rithms, 

5. The Legerithms of this firſt Form, were found 
by the /agactcus Inventer not to anſwer the Defign in 
the beſt manner as could be wiſh'd ; and therefore 
he changed 'em into another more convenient Form, 
wherein he put the Number 10, not as the 230258 goth 

\ Term of the Series, but the 1000000Dth Term: And 
after Neper's Death, the learned and indefatigable 
Mr. Briggs, with great pains, made and publiſh'd a 
Canon ot Logarithms according to this new Form. 
Now fince in this Canon the Logarithm of 10 is 
1.0000000, and fince 1, 10, 100, 1000, Sc. arc 
Proportionals, they ſhall be equidiftant from each 
other; wherefore the | ogarithm of 100 ſhall be 
2.0000000 ; of 1000, 3.0000000, and the Loga- 
rithm of 10000 will be 4 0000000, and fo on. And 
this Form of Logarithms hath been ever ſince in uſe, 

and are thoſe in preſent Uſe; the Nature and [ 


Properties 
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Properties of which we have been hitherto explain- 
ing. 

6. The Rationale of the Method by which Mr. 
Briggs computed his Logarithms, is beſt explain'd 
from the Logarithmetic Curve, according to Dr. Keil, 
as follows. In the Logarithmetic Curve HBD (Fig. V.) 
let there be three Proportionals AB, ab, gs, very 
nearly equal to one another; that is, let their Diffe- 
rences have a very ſmall Ratio to the ſaid Ordinates, 
(for ſuch are thoſe hte anger and then the Dif- 
ferences of the Logarithms will be proportional to the 


Differences of the Ordinates; that is, it will be 


sr: be:: Br: Be:: Ag: Aa, For ſince the Ordinates 
AB, ab, qs, are nearly equal to one another, they 
will be very nigh to one another; and ſo the Parts of 
the Curve Bs, Bb, intercepted between them, will 
nearly coincide with a Right Line; for it is poſſible 
that the Ordinates may be ſo near to each other, that 
the Difference between the Part of the Curve and the 
Right Line ſubtending it, may have to that Subtenſe, 
a Ratio leſs than any given Ratio. Conſequently the 
Triangles Bcb, Brs, may be taken for Right-lined 
ones, and will be equiangular : and therefore, fince 
ab is parallel to qs, they will be fmilar, and their 
homologons Sides proportional; viz. rs : bc :: Br : Bb, 
or Aq : Aa. | 

7. From hence, by the way, appears alſo the Rea- 
ſon of the Correction of Numbers and Logarithms by 
Differences and proportional Parts, For putting 
AB=1, or Unity, 'tis evident, that the Logarithms 
Be, Br, are proportional to the Differences cb, rs, of 
the Numbers AB, ab, r5; as we ſhall hereafter prove 
by Facts, in the practical Part. 

8. If a mean Proportional be found between 1 and 
10, and then again another Mean between that and 
Unity; and if proceeding thus, you continually find 
a mean Proportional between the Mean laſt found and 
Unity, biſecting the Logarithms ſtill as you proceed 


(in 
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(in the manner of the Example in Chap. II. Art. 6.) 
you will at laſt get a Number whoſe Diſtance from 
Unity ſhall be leſs than the ITT TT Part of 
the Logarithm of 10. 

9. After Mr. Briggs, in this manner, had made 
54 Extraflions of the Square Root, he arrived to the 
Number 1.00000 00000 00000 1278191493200 32- 
3442, and its Logarithm was 0.00000 00000 00000- 


0555111512 31257 82702, Suppoſe this Logarithm. 


be equal to Ag or Br; and let the Number found by 
this Extraction, be =qs; and then its Zxceſs above U 
nity will be =rs. 
Aq=0.00000 00000 00000 0555111512- 
31257 82702. 
That is, “ q5 =1.00000 00000 00000 12781 9149 3- 
20032 3442. 
| r5 =0.00000 0000@ 00000 12781 91493- 
20032 3442. 
10. Now by means of theſe Numbers the Loga- 
rithms of all oer Numbers may be found in the fol- 
lowing Manner. Between the given Number (whoſe 


Logarithm is to be found) and Uni, find (by the 


Extraction of Roots, as above) ſo many mean Pro- 
portionals till at laſt a Number be obtain'd / [111le ex- 
ceding Unity, that there be 15 Cyphers next after it, 
and as many /jgnificant Figures after thoſe, Suppolz 
the ſmall Number thus found be a5, and let the e- 
nificant Figures with the 15 Cyphers prefix'd before 
them, denote the Difference c; then fay, as the 
. Difference rs is to the Difference bc, ſo is the given 
Legarithm Br, to Bc the Logarithm ſought fur the 
Number a6. If now this Logarithm Bc or Aa, be 
continually doubled the ſame number of times as there 


were Extractions of the Square Root, you'll have at 


hſt the Logarithm of the Number propos'd as re- 


quired, _. 
11. If the Tangent TB be drawn to touch the 


Curve in B, then may the Sabtangent AT be found 
by 


2 


> 
— 
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by the Numbers above in Art. 9. For ſince AB, 
Br, are parallel tors, AT; therefore the Right-lin'd 
Triangles Brs and BAT, are ſimilar, and fo as 
r: TB:: AB: AT, the Subtangent; but ſince AB=1, 


therefore Ar; or thus; 


As rs =0.00000 00000 00000 78191493 20032 
3442, 
Is to Br=0.00000 00000 0000005551 11512 31237 
8270, 
0 is AB=1 $4 4% 00000 00000 00000 00000 00000 
©0000, 
to A To. 43429 448 190325182765 1128918916 
6061. 

12, If the proportional Right Lines GH, EF, AB, 
CD, (Fig. V.) are Ordinates to the Axis CV of the 
Logarithmetic Curve, and if their Ends FH, DB, be 
join'd by Right Lines, which produced meet the 
Axis in the Points P and K, then the Right Lines 
GP, KA, will be always equal. For fince GH : EF 
: AB: CD; it will be, as GH: Ft:: AB: DR (by 
Chap, II. Art. 8.) But becauſe of the Amilar Tri- 
angles PGH HtF, as allo KAB BRD, we have 
Fo Re (: GH: Fes: RAB. DU : KA: BR. 
But Ht=BR, and therefore PG=AK ; which was 
to be demonſtrated. 6 

13. If the Right Lines CD, EF equally accede to 
AB, GH, ſo that the Point I at laſt may coincide 
with B, and the Point F with H, then.the Right- 
Lines DBK, FHP, which did before cut the Curve, 
will now only touch it in the Points Band H; that 
is, they will be chang'd into the Tangents BT, and 
HV. And fo the Right-Lines AT, GV, will al- 
ways be equal to each other; and ſo the Subtangent 
AT, or GV, in whatever Part of the Axis it be, is 
always one conſtant given Length; and this is one of 
the moſt remarkable and uſeful Properties of the Lo- 


garitmic 
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garithmic Curve : For the different Species or Forms 
of thoſe Curves are determined by the Subtangents. 

14. If the Exceſs cb of any Number à extremely 
near Unity, or but a ſmall matter exceeding it, be 
given, the Logarithm of its Diſtance from Unity Aa 
or Br, will be known by means of the conſtant Sub- 
tangent AT ; for by Art. 11. we have bc : Bc :: AB 
: AT; there ore AT x bc=Bc x AB=Bc, the Loga- 
rithm required. Thus alſo AT x r5=Br, the Loga- 
rithm of the Number gr ; and ſo the Logarithm of 
any prime Number 2, 3, 7, 11, 13, &c. may be 
found independently of the Logarithm of any other 
Number. | 
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A Method of conſtructing the Logarithms derived 
and demonſtrated from the Nature of Numbers 
only, by Dr. Edm. Halley. 


I. H E admirable Method now before us, is 

one of the many great and wonderful In- 
ventions and Diſcoveries of the celebrated Dr. Halley, 
the preſent Aſtronomer Royal, and Fellow of the Royal 


Scciety; and whoſe Name amongſt the Literati will 


be had in everlaſting Remembrance. This Method 
not only comprehends all the Improvements made 
by others by means of the Hyperbola and other Geo- 
metrical Figures, but ſhews with great Accuracy 
from the pure Properties of Numbers (as moſt natu- 
ral and agreeable in a Bu/ineſs purely Arithmetical, as 
the Logarithmotechny is) how the Logarithms may 
be produced to any deſired Number of Places, with 
far greater Eaſe and Expedition than by any Method 
before known. According to him, therefore, 


2, 
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2. Suppoſe an infinite Number of equal Ratio's or 
Ratiunculæ between any two Terms in a continued 
Scale or Series of Proportionals; and thoſe Ratinn- 
culæ expreſs the Ratio of thoſe two Terms, as of 
1 to I. If then between Unity (1) and any Num- 
ber propoſed (It) there be taken any Infinity (n) of 
mean Proportionals, the infinitely little Augment or 
Decrement of the firſt of theſe Means from Unity will 
be a Ratiuncula or Fluxion ( of the Ratio of Unity 
to the ſaid Number; and the Terms of the Series 


—2 — 3 


will ſtand thus; viz. 1. I. IX. 1-+x, I. 


&c. to +, and the 


. 1. 2. g. 4: e. do »3-078 thus; 
O. &. 2X, 3x, 4*. Cc. to nx. 

From whence 'tis evident that not only the Number 
(i) of the Proportionals or Ratiunculæ, but alſo their 
Sum (nx) may be put for the Logarithm of IA. 
And thus alſo Nj may be put = Logarithm of 15+y, 


Exponents ; 


and conſequently it will be, as L, I: L, I 


2 2M. 

3. If , that is, if the Ratiunculæ compoſing 
divers Ratio's have the ſame Magnitude, then are 
thoſe Ratio's proportional to the Numbers of Ra- 
tiunculæ contain'd between their Terms, vi. 
L. IX: L, iy: 1: N. For if x, andy=2 


then 1x2, and 1-Fy=3 ; and if n=30103, &c. 


N will be found =47712, Sc. that is, if there be 


the infinite Number 30103, Sc. of Raliunculæ in the 
Ratio of 1 to 2; there ſhall be the infinite Number 
47712, Sc. of tne ſame Ratiunculæ in the Ratio of 
1 to 3. 


4. On the contrary, if MN, then L, I x: L., 


I :: * :, that is, ſuppoſe the infinite Number of 
Katiunculæ in one Ratio equal to the infinite Number 
of Natiunculæ in any other Ratio, then are the Lo- 
garithms of thoſe Ratio's directly as their Iluxieons, 


(3 or 
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or as the Magnitudes of the Ratiunculæ reſpectively. 
For inſtance, let the Ratio of 10 to 1, 100 to 1, 
1000 to 1, Sc. all and every of them be ſuppoſed 


to conſiſt of 5 Ratiunculæ; as follows: Thus, 
„ 3 4. 5. &c. 
Terms 1. 10. 100. 1000. 10000. 100000, Cc. 
Ratiunc. 3. 5W. 5X. 5). 52, Oc. 


Tis plain the Ratiuncula v of the whole Ratio of 10 
to 1 is 5; of 100 to 1, is 3, Sc. that is, the Na- 
tiunculæ are V=z, W=3, x=4, y=?, Z=; but thoſe 
Fractions are as the natural Numbers 1, 2, 3, 4, 5. 
Wherefore the Logarithms of the Ratio's of 10 to 1, 
100 to 1, 1000 to 1, Sc. are directly as the natu- 
ral Numbers 1, 2, 3, 4, 5, Sc. and ſo may be ex- 
preſſed by them. | 

5. Since then the Logarithms of Ratio's are as 
their Fluxions, therefore the Logarithm of any Num- 
ber is found by taking the Difference of Unity and the 
infinite Root of that Number; that is, becauſe 1 


is the firſt Term from Unity, or Ratiuncula, 1+;" 
=I rx, is the infinite Power to be reſolv'd; and 


| 

- —_ 
Vi, or I =I, and fo 1+x"—1=#= Lo- + 
garithm of I. 1 
1 

xz 


6. In order to extract the Root of the infinite Power 
i--x, (which, to ſome, may ſeem ſirange and next 
to impoſſible) we muſt make uſe of Sir 1/aac Newton's 


celebrated Theorem for that purpoſe. Suppoſing A 
then the Power be Il, according to his Theo- 5 

e 1— 1 1—3nÞ:m ., | V. 
rem, i Ir 5X xx = 


+ == ., &c. the Root of the Power | of 


24n* 
1+x, when the Index (un) is finite; but (u) being in 
the preſent Caſe infinite, all the Terms of the Co- ſou 


efficients, wherein (un) is found a Diviſor (as being | . .. 
infinitely infinite) will vaniſh, as being infinitely leſs 2 
than 
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1 [ 
than nothing. But the Co-efficient — — 2 
; and = = + = z Alo the 
— — and — == 8 1 
. 1 —6n+1 19n—bn3 gh EZ: 
Coefficient 2 n A &c. 


Wherefore the foregoing Root will become 1+;;x— 
Z u + fun — nic + #x*, oc. That 18; 


1 1 * X—XXTIXxXX—5xt 
Logarithm of ix. 
And whereas the infinite Index (n) may be taken 
at pleaſure, an Infinity of different Scales of Loga- 
rithms may be produced ; and thoſe different Loga- 
rithms will be to one another as , or reciprocally as 


the Indices (n). And as it hath been ſhewn (in 
Chap. V.) that in making the fir/t kind of Logariihms 
by 8 the infinite Index of the Logarithm of 10 
would be 23025850, Sc. But in making the ſe— 
cond fort after by Briggs, the ſaid infinite Index was 
put =10000000, &c. Conſequently in the fore- 
going Series for Logarithms, if z=10000000, Oc. 
the Lord Neper*s Logarithms will be produced? , and 
the Series will be ſimply x- + f - , &c. 
On the contrary, if »=2 302 5850, 6c, then Brig g- $ 
Logarithms will ariſe from the Series; and becauſe 
„ acgre, Sc. S. 434229448, Sc. therefore 
(AT) is the Subtangent of the Logarithmic Curve 


for the Briggian Logarithms, as is plain from Chap. I. 
V. Art. 11. Whence if a Logarithm of Neper's 
Form be multiplied by 0.43429448, &c. or divided 
by 2.302 5850, Sc. it is converted into a Logarithm 
of Briggs s Sort, or thoſe in preſent Ute. 

If the Logarithm of a decreaſing Ratio be 
8 as of 1 to I—x, the Power being I—x, its 


"WE =P —I== 


infinite Root will de =rmdnen tux —S 
(3.2 AUX fun 
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inx+—inx", &c, that is, » x x+3x*+3x*+3x*Þ3x% 


L 

&c. = —1—x%=;= the Logarithm of 1 —x ; the 
firſt Term next below Unity, or Root of this infinite 
decreaſing Series being 1—z. And ſo in this Caſe, 
according as the infinite Index (u) is made =10000000, 
Sc. or 2.3025850, Sc. ſo Neper's or Briggss Loga- 
rithmsof thoſe negative Numbers will be produced. 

9. Inſtead of the Terms 1: 1-+x, let a: 6 expreſs 
the Terms of any Ratio univerſally; and make 
a , and ab; and ſince it is1:1+x:: 4:6, 


therefore a+ax=b, and fo x = — = - . Again 


becauſe (in the decreaſing Ratio) it is 1: 1—x::6:a; 


therefore —bx=a, and fo we have again x = = 
= - . Whence the Logarithm of the ſame Ratio 


a: b, may be doubly expreſ#d ; viz. for the encreaſing 
Ratio, the Series will be 
33 . e 
a 36 w_ 4 955 
x d 4 
1 * 2 + £ +5 + 4 + 475 &c. for 


the 1 ing Ratio; all which i is evident from the 
three laſt Articles, 
A 


10. But if we ſuppoſe the Ratio of à to b, viz. 5 
compoſed of twwo Paris; viz. of the Ratio of a to 


the Arithmetical Mean between the Terms à and E, 
and of the Ratio of the ſaid Arithmetical Mean to 
. a 25 
the other Term 5; that is, ſuppoſe — = * , 
= j is the Arithmetical Mean between a 
and 5;) then the Sum of the Logarithms of thoſe two 
Ratio's, 2, 1. will be equal to the . of 
; 40 
the Ratio of a to bs, Or, L, 2 z +L, = =L, 
4 


(for 35 = 


— heed I _ > 
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And thus alſo we have L, = 4. L ==L 2 


Now becauſe the Ratio of 2 to & is enereaſing, there- 
fore 1:1 ＋ :: 25:53 and ſo 1 LF con- 
2 
kn es .,, Mom ; \ 
ſequently x = * I= a- new; again, 


25: 41 1: 1 — K, and ſo 1 —x=-<*; and 
24 


11. Therefore ſince x = = for both Ratio's, viz. 
of a to 16, and is to b, we ſhall have (by the fore- 
going Rule, Art. 9.) „ x — Ar + + * 

87 


8 4s* 
5 
+ I „Ce. (A) L, a to fs, and =x ⸗* — 
5 25 
da d+ d 5 x 
* Sc. = (B) L, 2c to b. Then 


3 
1 * 5 * + 36 1 = „Sc. =(A-ÞB)L, a to b. 
Thus you have a Series expreſſing the Logarithm of 
the Ratio of a to 5, whoſe Sum is 5=a+b, and Dif- 
ference d=a+b : and this Series converges twice as 
ſwift as the former in Art. 8. and therefore is more 
proper for making or examining of Logarithms, which 
it performs with great Expedition, when d the Dif- 


ference is but the 100th Part of s the Sum; the firſt 


Step 5 ſufficing for 7 Places of the Logarithm, and 


2d3 


the ſecond 75 for 12 Places. 


12. Becauſe the Difference of the Logarithms of 
the Ratio's of à to is, and as to ꝭᷣ is the Logarithm 
of the Ratio of 4 to ss; or thus, becauſe 


i) 
5 


b = 22 - , — 
— was. * - > 


_— — - - — 
4 . — — 9 — — 
— 9 8 _ — 1 — — 
ju * : — — — 0 . x _ = — — 
- + 4 — ” — — 2 2 —— — 
* — — . — ＋——Bͤꝓ4 ᷣ— 
2 2 — __— 2 
1 A =_ — _ 4 — = 
mr - -- —_ . — 2 — 4 4 1 22 — 
—— ws — + ng - -—- — — — — _ = 
—. — 


——— —— — 


+ 


— — 
3 
— 8 — ty — — 
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ab 


30 (25 a e the = — L, 25 = LT 
15 25 FRE) 


(AB) = £ x 7 3 = » + Z» Ge. but 


half the Ratio © _ is the Ratio = (for 2? x 8 


"I x 18 45 


2. that is, the Ratio of the Ceometrical Mean 
2 8 


ab to the Arithmetical _ 283 3 
the Logarithm oA = x =» .. + 


287 


Sc. which is a Theorem of good Diſpatch for find- 
ing the Logarithm of s. 

I 3. But the ſame Logarithm may yet be much more 
advantageouſly obtained by a Method like the for- 
mer. For if we make the Terms of the Ratio 
5 4. and put 8 = 4b ass, the Sum of the 
IS 
Terms, and D = ab — {ss ; tis evident the 

; A 5: "as D3 
Logarithm of — 1 * — + —.— == + 


— + — * by Art. 11. But becauſe 388 = 


44 + 205 ＋ 2, therefore D = ab — 488 ab — 
24. ＋ 44 + 25 a — 40 ＋ 3bb=v ia —36 
= ad! = 1, in the preſent Caſe of finding the Loga- 
rithms of Prime Numbers; for ſuppoſe the Loga- 
rithm of 23 be ſought, then a= 22, b= 24, 18 223, 
and d=2; allo A=ab= 328, and B iSS== 529, 
and therefore ab—i$8=A—B=D=;d=1. Where- 


fore, ſince D, the Series above becomes 2 x +4 


= a: = + 75 Sc. the Logarithm of the 


Ratio of = and ſo the half of it, viz. the Series 
y 


3 l 1 i 8 
1 * 5 A 385 + 585 = -J7 Se. = the Loga- 
| rithm 
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rithm of the Ratio of V a6 to is. And this converges 
much ſooner than any Theorem hitherto invented, 
and beyond which nothing better can be hoped for, 
in the great Author's Opinion. 

14. The Logarithm given to find what Ratio it 
expreſſes, is a Problem ſolv'd with /ike Zaſe, and de- 
monſtrated by a /ike Proceſs to that foregoing for 
finding the Logarithm of a given Ratio. For as the 
Logarithm of the Ratio of 1 to I was proved to 


be IAI. (by Art. 5.) and that of the Ratio of 


1 to 1—x to be 13 1 (by Art. 8.) ſo the Loga- 
rithm, which we will call L, being given, ſince 


Lin, therefore L. 1=1 Ta in the firſt 


Caſe; and 1—L=I—x, in the latter: Conſe- 


quently IL x, and 1—L'=1—x. That is, 
according to Sir Jaac's Theorem, InLIA= L*+ 
1 L3+ #1*Lt+ n L', Sc. x; and alſo 
1-1 L 227 1.— en JL + 124 41.— n., Sc. 
=1—x; conſequently the Number I or 1—x 
is readily known by thoſe Series, be the Species of 
the Logarithm what it will. That is, whether it be 
Neper's Logarithm, where #==100000, &c. and fo 
ITx=I+LEHL+3L'+5Lt+::zL5, Sc. or whe- 
ther 1—2 302 5850, &c. for Briggs's Logarithm. 

15. If one Term of the Ratio, whereof L is the 
Logarithm, be given, the other Term will eaſily be 
had by the ſame Rule. Let a = the leaſt Term of 
the Ratio, and 6 = the greateſt ; then becauſe it is 


I:1+x:4:6; and ſo 1 þx= - =1+-L+. 
IL +3L! + 2L*, Sc. if 1=1000000, &c. and 
therefore þ = a+ aL + 1aL* + caL3, &c. if a were 
given; but if þ were given, becauſe 1: I:: O: 9, 

therelore 
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therefore 1 — x = = ; and fo a= b —bL + 


+bL— tbL*+ 4L, Sc. Wherefore by the Help 
of the Tables, the Number belonging to any Loga- 


rithm will be exa#ly had to the utmoſt Extent of 
the Tables. 


16. Suppoſe 4 == M, the Number belonging to 


the given Logarithm L of the Ratio =; then 


a, let the Logarithm of the Ratio 2 be 2, 
N N 

and let the Term & be known; then (per Rule, 
Art. 15.) we have 1: I— :: : NM, and fo 1— * = 


E „ and N= b — ba + 3534 — 3683, Sc. if à be 
Neper's Logarithm, but NI -t n bas, 
Sc. if 12.3025, &c. as in Briggs's Logarithm. 
But if the Ratio be - = N, then 7 — b, and fo 


N | 
1 | x = — , therefore N=a+a3++ia33-þ+3a3*, &c. 


4 

Or Na ＋ ani + 3an*3* þan*3*, Sc. Note, here 
a and & denote the Number belonging to the neareſt 
next leſſer or next greater Logarithm than the given 
Logaritbm L, and the Logarithm q is the Difference 
of thoſe Logarithms ; wherefore as 3 is leſs, the Se- 
ries converges the ſwifter; and finds the Number N 
of the Logarithm L, much ſooner and eafier than 
the Rule in Art. 15. | | 

17. In the foregoing Series a+aI--1a33Þ1a3 Sc. 
—N; the three firſt Steps may be abridg'd thus, 


44 1 
a + ** + 4 ＋ 3431, very nearly, and may 


ſerve with ExaZne/ſs enough for Numbers not 
exceeding 14 Places, which is more than ſuffi- 
cient for common Uſe, Therefore we may take 
at 

3 
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a + N or þ— r = N; and if the 
24 24 


Index n taken for Briggs's 1 we ſhall have 


"Io whe nr = N, or 6 — — = =N:; that is 


(putting ⁊ = ;, =; 43429, &c.) ——== == = N, ot 
—_ = N; which Equation may be reſoly'd into 


the following 48 N ; 


2— 1: : 2+, : 32 'N; Or, 
vis. Privy pl : M 


18. If more Steps of his Series be defir'd, it will 


be found as follows, viz. a + = — Qt — + 


B Kc. = N; alſo the Rule i+»L+ lun LI 


1—2T? 
#L?, Sc. may be thus contracted, viz. 1 + 
2+10L+unLL x inL=N. What is ſaid concern- 


ing this Method of making either Zogari/hms or 
Numbers, I preſume is ſufficient to render it very in- 


telligible to any common Capacity, and to ſhew the 


admirable Uſefulneſs and Excellency thereof beyond 
any other, hitherto invented. 
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CHAP. VIL 
The *Logarithmic Series aforegoing, demon- 
firated alſo by *FLuUx1o0Ns, and from the Na- 
ture of the * Hyperbola. 


I. 14 HE preceding Series for the Logarithms, 
which has been demonſtrated purely from 
Arithmetical Principles, or the Properties of Num- 
bers, may alſo be prov'd from the Doctrine of the 
Huxions of Logarithms. For the Writers on Flux - 
ions variouſly demonſtrate the Fluxion of the Loga- 
rithm of any Number is equal to the Fluxion of that 
Number (whoſe Logarithm it is) divided by the ſaid 

Number it ſelf. 

2. Let the Number propoſed be 1+x, the Flux- 
ion of which is #, therefore the Fluxion of its Loga- 
Tithm will be = Iz > from whence the foregoing 
infinite Series for the Logarithm of the Number 1 
may be derived, as follows. The Logarithm of 


1 & is equal to the flowing Quantity or Fluent of 
. . x X ME” . 
the ſaid Fluxion . But : and 
k — — 
7 2 =I-Fx) 1 (=1—x-Fxx—x*, &c. 
I „ 
— 
—C 
r 
— 


9.0 — 
. — 


, &c, 


f 
f 


HyperbolaFC, we have r y, therefore _— 
Var Fluxion of the ſaid Space FCBE. 


Chap. VII. demonſtrated by FL ux ions. cr 


3. The Quotient then I- -.] --., &c. 
— = ; but Xx 1—x+xf—&+*, &c, = — 


A Axl, &c. = yy . The Fluent there- 


fore of that infinite fluxionary Series (by the inverſe 
Method of Fluxions) is found to be x—ix*þ+3x%*— 
3x4.4-4x*, &c. which therefore is the Logarithm of 
the Number 1+x; and is the very ſame with that 
Series in the foregoing Chap. VI. Article 7. for Ne- 
pers Logarithms. 85 

4. Again, if the Ratio be decreaſing, or the 
Number be 1—x, the Fluxion of this alſo is æ&, and 


therefore the Fluxion of its Logarithm — But 


3 1 2 1 43 — 


*r NA *,, & c. The Fluent of which is x4-4x*4- 
A, &c. the ſame Series as that in Article 8. of 
the preceding Chapter, for Neper's Logarithm of 
I x. 

5. The ſame Series is likewiſe deduced from the 
Nature or Equation of the Hyperbola. For let FCH 
be an Hyperbola (Fig. VI.) AE, Al, the Afmprotes ; 
draw BC, DC paraliel to Aland AE; alſo draw the 
Ordinate EF parallel to the Ordinate BC, or Aſymp- 
tote AI, Let AB=a, EF=y, and BE=x. The 
Equation aa Sa expreſſes the Nature of the H- 
perbola between the Ahmptotes. Now the Fluxion 
of the Space between the Abſciſſa, Ordinate, and 
Curve, is always equal to the Product of the Ordi- 
nate into the Fluxion of the Abſciſſa ; that is, in this 
Caſe, ==yz. Therefore ta determine the Fluxion of 


the Aſymptotic Space contain'd between the Abſciſſa 


BE, the Ordinates EF, BC, and the Curve of the 


aax 


I 


HK 2 6. 
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6. But ZE = 2 * z, and = = ax) aa 


+ F. &c. Wherefore === 
a. + 5 — EZ + Ef, &c. But the flo. 


ing Quantity of this fluxionary Series is ax — A + 
3 + 3 
7 — = + — „&c. = the Space FCBE. Sup- 
poſe a=1, then x—i#x*+38—ixt+3x*, &c. = the 
faid Aſymptotic Space FCBE, as before. But 'tis evi- 
dent this is again the very ſame Series as was invented 
by Dr. Halley for the Logarithm of the Number 1-+x. 
7. The Aſymptotic Spaces, then, are with reſpect 
to the Abſciſſe, as Logarithms in reſpect to Numbers. 
That is, fince AB=r, and the Logarithm of 1 iso, 
the Spaces BabC, Bc dC, Beg C, BbkC, Sc. 
are the Logarithms of the Numbers Aa, Ac, A e, 
Ab, &c. Again, becauſe the Abſciſſe are in a re- 
ciprocal Proportion of the Ordinates, that is, 
AB: AE :: EF: BC; therefore the Aſymptotic Spaces 
are in reſpect of the Ordinates as Logarithms in re- 
ſpe& of Numbers: Yet fo, that while the Ordinates 
BC, ab, cd, eg, bt, EF, decreaſe in a Geometrical 
Ratio, the Spaces BabC, Bri dC, Sc. may in- 
creaſe in an Arithmetical Ratio. And ſince in Ne— 
per's Logarithms * x — ixx + xxx — l, &c. 
#=100000, &c. *tis plain his Logarithms become 
the fame with the Hyperbolic Logarithms juſt now 
confider'd. | 
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CHAP. VIII. 


The Methad of conſtructing Logarithms by the 
Infinite Series, exemplified and illuſtrated. 


1 : HE Manner of raiſing Theorems for the 
' Conſtruction of Logarithms hath been ſuf- 
ficiently explain'd ; it therefore remains that we il- 


luſtrate the ſame by proper Examples. The Theo- 
rems for doing this directly are, 


Theorem I. 7 xx i ＋ IE - 4x*, &c. 
=L, 1=tx, | 
Theorem II. © x = + > + 22 + =» Sc. 


= L., 7 
4 a ds ds 
Theorem III. 4 x 77 * Tr 5 
Sc. = L. V 1h 
428 I | I 3 
Theorem IV. 7 x 5 * I +3 of oF, ( 
&c. = L 


Note, in theſe Theorems, is all along applied to 
adapt them to all ſorts of Logarithms. 

2. Since n= the Logarithm of 10, we muſt there- 
fore firſt ſuppoſe x=10000000, Cc. and thence Ne- 


per's Logarithms will be produced; and fo theſe are 
the firſt ſort of Logarithms which Nature affords : 
The others, as Briggs's Leogarithms, &c. are, made 
from them. In order then to find a Briggian Loga- 
rithm, *tis neceſſary firſt to find Neper's Logarithm 
of 10. This may be done ſeveral Ways, either by 
the Number 10 it ſelf, or by its component Parts. If 
we attempt it by the Number 10 it ſelf, then becauſe 


1X 


will not converge; and fo the ſecond Theorem muſt 
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1+x=10, we ſhall have x=9, which, becauſe it is 
greater than 1, will occafion that the firſt Theorem 


be uſed, In this F e, and therefore 5=1 ＋ 10 


= 11, and q=10—1=9. And thus the ſecond Se- 


ries for Neper's Logarithm of 10 will be + 
+ So Oc, N l 44443. Ce. = 
2.30258, &c. the Logarithm ſought. 

3. But this Series converging ſo extremely flow, 
renders the Buſineſs very tedious, and therefore the 
faid Logarithm muſt be attempted from the com- 
ponent Parts of 10. And ſince 8 * 14 10, and 
2 * 25 228, therefore 3L, 24 L, 11 = L, 10. 
Conſequently by finding the Logarithm of 2 and 15, 
we find the Logarithm of 10. Now Neper's Loga- 
rithm of 2, is found either by Theorem I. which con- 
verges very ſlowly ; or by Theorem II. which con- 
verges much faſter; and therefore to be choſen. 


Here = = 2 · and ab=s=3, a—b=d=1, and fo 


6 
the Theorem 24 + 29? 4 25 „Sc. = 24 ts 
5 355 555 | S 
1 43 25 7 . = x "x 
ix T ＋ * Sc. * H * 55 


&c. = L, 2; this multiplied by 3, is = > = 


7 6 
1 * -- xt, &c.=3L, 2. Now put; = A, 
6 6 
and becauſe ke * 3 = 79 and = — => there- 


fore alſo put A= B, and ſo B = A ; and thus 


x 3 
3B = C, CD, and ſoon, Whence the The- 


orem will become 2 + + A +5 B＋- 7 C＋ D 
ir E + F, &c. = 3L, - 


4. 
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4. By the ſame Theorem II. we obtain Neper's 
Logarithm of 14; for becauſe 4 = 1, therefore 


1 =) , (=£ = =. Whence a+ == q, 


and d =a—b=1; and ſo the Theorem 0 + 


. 3 ＋ u Tic, Sc. 


353 5585 1 
| 2 6 6 1 
y But becauſe ? = S=A3 L = = x5 = 
5B = C; 2 n „ miD=E, Se 


1 9 RR RT 

| therefore the ſaid Theorem will become AC 
;3E+ 3G I++ 5L, Sc. L, 15% as required. If 
now this Series be added to the foregoing (in Art. 2.) 
we ſhall have the Theorem 2+ 15A+ B+ $3C+ 
Dr 5E+ 5F+#%%*G+ H, Sc. = 3L, 2+L, 
14=L, 10. See the Operation in the Table below. 


2. = 2,0000000000000| 

{A—=0.2222222222222 | 13A =. .2962962962962 

| B =. . 246913580246|| B =... 49382716049 

=. 27434842249 i#C =... 13064210595 

: DS. . . . 3048315805|| D 338701756 

ES... . 33870176 $E =... . . . 98531420 

7 WED, oo, 270323529] 3f 35. con 2894887 
, ö 4181503|raU=...- 87612 

bs 3 464612] 7H=........ 27330 

V % A 5:5 54 454 

ki WT» bes «4 os ©, © CIR 273 

Ws os cf 637 ES a raves cs 85 

C- M= „ 0.0.00 + 0.6 710 2 M=— 6 0.00 00 3 3 

5 Thus Neper's Log. of 10 =. 302 38 30929940, Gc. 

1e- | B. The Logarithm thus found (if continued on) will 


+ be 2.3028 509 29940456840 1799 1454684364206 
| 0Q1101488628772976033328, Sc. n; and there- 
fore 
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fore in making the Briggian Logarithms, we ſhall 
have ;==0.4 342944819032 5182965112891891660 
5082294397005803666566114454, &c. the Reci- 


procal of the former; which henceforth let be call'd 
Z ; that is, let g. And now we are prepar'd to 


find the Logarithm (of any Form) of any other 


Number. | 
6. For Example, let it be required to find Briggs's 
In order 


arithm of 2, to 10 Places of Fi 
to this, the Index „ muſt be aſſum'd of a Figure or 


che more than the intended Number of Places in the 
Logarithm. The ſecond Theorem is moſt proper for 


this Purpoſe; for here again —=#+, d=1, and 
SD 3, and allo z=0,434294481903 z and the 


Theorem & x 2? + = + — Sc. m2 x2 + 


X55 + + 71 Sc. L, 2, and therefore — + 


Ix 5 + I Z, &c. L, 2. Here put 7 =A, 


* 
and becauſe T = F x =3xA=B, and thus 
7 5 * = = 3B C, and ſo on. Therefore 


the ſaid Theorem will here again become Amt 1B 
iC+ 5D+3E+ F, Sc. L, 2, as is evident 
from the following Operation. 


* 

1 

7 

1 * 
by 
* 
8 
* 
Ks 
. - 
A] 
F] 
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iz =A O. 144764827301 A. 144764827301 
B = 16084980811] 1B 5361660270 
C= 1787220090] C 357444018 
DS 1985800100 7b 28368572 
7 E = 22064445 E 2451605 
= F = 2451605 F 222873 
2 G = 272400]; G= 20953 
| H= 30266 1. 2017 
| I = 3362 Il = 197 
I K = 37K 19 
7 L= 411 L= 
4 The Sum is iL, 2=0, ogra | 
= EE EIT 
The Briggian Logarithm of 2=0.30102999 5 


7. This Logarithm may yet be much eaſier and 
ſooner obtain'd by this Conſideration, viz, That 
1 ren, and 182 * 5% = 757 5 therefore 
s | EER = LSL Lz. But 


3 10 10 
re L= LI. Wherefore put == — * a- new, then 


1024 


4 233, and a—. d= 3; thus Theorem II. 
will converge much faſter, = will become, in 


| —_— Z XTX +3x55 Tr + 3 x r Ec. 


or if 2 = =, the ſaid Theorem, in Species, is 


29 +323" + 425. , &c. Suppoſe 229 = A, then 

þ iy) m22zyg*=;Aw*=B, allo 3zy'=;x22yxy*x5*= 
Z= | iBy*=C, and fo on; and thus the Theorem is 
 AHiAy9*(=B)+3By*(=C)tHCy*(=D)+3Dy*, &c. 


1 8, 
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2zy=A= 0.01029947 387912 


8. Wherefore J A= B 48271995 
iByy =C=..___ 275 
e ee . . o. 0102999663980 


Add the Logarithm of 25; . .. 3.00000000000000 | 


ans 2 that Sum will . . o, 3010299966398. 


Thus you ſee 3 Steps of the Series thus ordered, are 
ſufficient for 14 Places of Figures, whereas before 
(Art. 6.) 11 Steps produced the Logarithm true only 
to 10 Places. 

9. Let the next Example be to find the 75 
Logarithm of 3. This may alſo be done by Theo- 


rem II. where 7 = +, and dz, and 5=4; alſo 


- = , T, 43429, &c. as before. Then z x 2 ＋ 


&cc. L 3. Put = = A, then === x+= 


ASB, and I = - xi=B=C, and fo on. 
Whence A+ ZBT 3C+ 3D+3E, &c. = z. 
But this Series converges ſo very ſlow, that as many 
Steps will be neceſſary as you intend Places of Fi- 


gures in the Logarithm, and more; therefore Re- 


courſe muſt be had to Theorem IV. which here comes 


and ſo iss ＋ ab= S= 17, Wherefore 5 + 2 


2 
85 
＋ 


= „„ 
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+ * 5 ix LI Kc. =LvV5, put= = A, 


then 3 ix = =3XAx g = B, * F BX 
= C, &c. Allo A* = 7 Wherefore LV + 


L. =L3. Therefore L I. ao, 


Sc. = —=L 3. See the 8 following. 
OEM == = == Wo 


7 2 « 0.4515449934959 

T X 5 =A=. oo ice 2554073422906 
Thus 7 x = xA=B= 0 294656680 
ac EY} 611744 

| 7x 8 deal 1514 


The 821 is the Log. of .. . . 30. 477121234719. 0 


11. But this 1 may yet much ſooner 


| and with leſs Trouble be found, by the Artifice uſed 


in Art. 7. For the Ratio * = == = 7 and 
ſo 6T=3=65573: and a—b=s=37 ; ny. ſince 
5557 X + = 8. therefore L= + L = — 
L363; but L nl = E And L = 
2 
224 24 

1 * I 35 3 Se. 
E n 3.8 1647993062 
Therefore} + =. +++ + + + - » 0,00049010708 


The Sum is the Logarithm of 35 = 3.81697003770 
And + thereof is the Log. of 3 =0.47712125471; 
thus the firſt Step of Theorem II. gives the Loga- 
rithm true to 11 — 

2 12. 
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12, The next Example ſhall be that which Dr. 
Halley has given for finding the Logarithm of 23, 
which is done by Theorem IV. In this Caſe, a=22, 
» þ=24, 28223, iss 329, ab==528, and I 
1057=S, And = + 207 + 737 &, =L 5. 


—ů— ͤ H— 


v ab 1 L 24422 
But 2 * = therefore 85 * 


L. = = L 2; and becauſe 2x2 Xx 2X 32 
24722 28 
24, and 2 x 11 2 22, therefore alſo 3L, 2 L3 


=L 24z and I 2 L L 11 L 22. And E 


= LVab; therefore, (proceeding in the Opera- 
tion according to Art. 10.) we have 


c _ L24+Lz2 _— 


. . 1.3613169612669061 2945009172609805 


2 

| = =A=.. 41087462810146814347315880368 

1 _ x A=B= 1228821544181 829460074 

? 4 x = x B=C= 6583235184376175 
| 3 x = xC=D= 4208829765 
5 = x DDE 2 2930 

Ihe Sum = L 23 =..1.36172783601759287886777711225117 


which Logarithm 1s true to 32 Places of Figures, 
and thus you may proceed for any other. 

13. In making Logarithms for Prime Numbers, 
the Artifice, or greateſt Advantage conſiſts in finding 
ſuch a Ratio or Fraction, whoſe Terms are the greateſt 


poſſible and their Difference the leaſt 3 and the Num- 


ber whoſe Logarithmis ſought, or ſome Power there- 
of, is an aliquot Part or Submultiple of one of the 
Terms of the ſaid Ratio or Fraction. For this once 
obtain'd, the Logarithm is ſoon acquired by Theo- 


rem 


| tio 
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rem II. with eaſe. Thus the Fraction 22 = 
211X&11 


4 - ; whered=1, and s=4641 the Series 


v0 x 29 
rge | — 
will converg 2 ſwift for the Logarithm of BEE 
211X11 X2 211 
but 90.7 29 * ** 8 72 =21 I, therefore LSO - 


L29—L11 added to the Series, gives the Logarithm 
of 211, But the Ratio or Fraftion 43222 = 


$3v2040 © 
121 Xx 21 1* 


* will make the Series converge very much 


ſooner than before; for here d=1, and = 10774081. 
For L80o+L 54+L29+L43—L121 added to the 
Series (or Theor. II.) gives the Logarithm of 211*, 
half which is the Logarithm of 211. Laſtly, the 


4 rr 211+ ws 2 
Fraction 2555258 = N —, where 


| d=1, and 5=3964238881, converges to that Degree 
that the firſt Step of the Series quotes the Logarithm 
of the Fraction to 29 Places, to which add the Lo- 
garithms of the 5 Numbers in the Denominator, and 
it gives the Logarithm of 2114, then + of that is the 
 Logarithm of 211, as before. 
* 14. The greateſt Difficulty conſiſts in finding out 
proper Numbers for producing ſuch Fractions as 
* aforeſaid 3 and the beſt Method of this is by prudent 
> Tryals, An Example of which is here ſubjoin'd. 
Suppoſe I would procure a convenient Fraction for 
i7 the Logarithm of 223, I make tryal thus; 


a X 7= 1361 
Fut 223 3 >” 


Then 22330 a fs 5+ i 


Therefore 223 x 387 = 64001 
| Having thus obtain'd the Term 64001, tis caſy to 
| obſerve the other may be 64000, wherefore the Frac- 
| tion is 222 = 62555 and finds the Logarithm of 


223 
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223 with good Diſpatch. Or thus, to find a Frac- 
tion of larger Terms; ſuppoſe I aſſume the Nume- 

rator 159000 =1000x53x3, then to find the other 
| Term as near this as may be, I try thus; 


x 3= 669 
223} 1 
x 13 2899 
| 223 7 1561 | 
Therefore 223 x 713 =158999, which is within 
Unity as great as the other Term 159000, and con- 


15900900 


ſequently the Fraction 43222 is that required, and 
thus you proceed to raiſe the Terms of any other. 
15. Let the Terms of any Fraction be repreſented 
by a=Leaſt, and þ=Greateſt. Then if the Ratio be 
increaſing it will be = , but if decreaſing, 2 let that 


Term, in which the Number ſought is ingredient, be 
expreſs'd by the Product cx, where c= the Number 
(or Product of Numbers) whoſe Logarithm is known, 
and x= the Number whoſe Logarithm is ſought, 


15 

If a cx, then 55 = 75 or — 3 but if b=cx, then 
= or - 5 alſo let there be put the 2d Theorem 
2d , 243 263 247 - ; 3 

5 ＋ 357 ＋ =, +3 Sc. zZ; then if the un- 


known Number x be in the Denominator of the in- 


1 4 a Fog ; 
creaſing Ratio T3 viz, — 3 or in the Numerator of 


the decreaſing Ratio 2, viz. © ; then it will be 
Z+La—Lc=Lx. And, vice verſa, if it be = or 
+ the Theorem will be Z+Lb—Lc=Lx. From 
hence the Operations in the foregoing Articles for 


making Logarithms have their Grounds and Reaſon 4 
| an 
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and every thing there aſſerted is from this Proceſs 
very evident. 

16, To find the natural Number of any Loga- 
rithm propoſed ; this is beſt done by the Theorem 
in Art. 17. Chap. VII. 

a ee nE 
vi 4 4; Sc. = 


For Example, let it be . to find the Intereſt of 


one Pound for one Day, at the rate of 6 /. per Cent. 
per Annum, Compound Intereſt; which is to extract 
the Root of 1.06 taken as the 365th Power; thus 
the Logarithm of 1.06=0.02 53058652647702408- 


46731186331, Cc. 


Which divide by 365, pm .0000693311377116- 


the Quotient 4 99289991044 346, Sc. 
The 3 neareſt 7 þ=1.00016=0.000069481 5587- 


Log. & its No. 5 28037517724712696, c. 


Their Difference is 4=0,0000001 5042101633822 7- 


733668350, Sc. 
Mult. this by #=2.30258509299404 5684017991 4- 


684, &c. 
2 The Product is 

11 = 000000349387 eee eee 
—A — Ew 119963 30299086450 
EO I Ü —Ü Ü ... TE TENS 41550132514 
R e e e 14391 


The Powers of u 1. Then 
1-:1n*3*=1.0000000000000599816514954 32255 
BESET oc or ³»h ĩͤ K 599 
The Sum 1 IAA. q 1.00000000000005998 1 65 
LA bh ; 1495432851=X. 
The odd Powers 
1 NJ= O .0000003463571 89893416971322305 


H 6925025419 
Sum nzÞ+:n*3*=0.000000346357189893423896 24- 


77 24. 
Then 
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Then the Value of the Series is 


X—2=0.999999653642870088227599085 126. 

3 multiply by $=1.00016, produces 

V 1,06=1,000159653 5874529474417 1 5500980, 
Sc. MN, the Number ſought of the given Loga- 
rithm L, and that to 30 Places of Figures. The 
fame Number may be ſeen produced to 60 Places in 
Mr. Sherwin's Mathematical Tables. 


E EEE NNN ( ( ( ( NNN ANAND 
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CHAP. IX. 


Of the *Logarithmic Spiral; and the Nature 
and Conflruftion of the Table of * Meridional 
* Parts, or the Nautical Meridian Line, 
deduced therefrom. 


1. J F any Right-Line pW be moved with an e- 

quable Motion about the fix'd Point p, and at 
the ſame time the Point W be mov'd towards the 
Point p, with a Velocity ſuch that the Radii pW, pV, 
28, Sc. form'd thereby, be in a Geometrical Ratio 
decreaſing, then the Curve WVSQ, @c. is called 
the Logarithmic Spiral; and that for the ſame Rea- 
fon as the Logarithmic Curve beforedeſcrib'd received 
its * See Chap. III. Art. 8, 9, 10. 

2, For ſuppoſe the Arches AC=CE=EG, Ce. 
and therefore in Arithmetical Progreſſion ; and ſince, 
from the Generation of the Spiral, the Radius 
pB:pD ::pD: pF :: pF: pH, &c. tis evident the Arches 
AC, AE, AG, Sc. are the Exponents of the Ratio's Kt 1 
of the Radii Dp, Fp, Hp, Sc. to the firſt pB ; and Þ Li 
fo thoſe Arches are in reſpect of the Radii, as Loga- 
rithms in reſpe& of Numbers; as is ſufficiently mani- Þ 
ſeſt from the preceding Theory of Logarithms, Where- Þ 


fore 
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fore if Bp be t, 10, 100, Cc. and PW (the roth Pro- 
portional from pB) be io, 100, 1000, &c. then ſhall 
the Arch AC , 1000000, AE 200000, AG =, 
2000000, Fe. AW=1,0000000 z- be the Loga- 
rithms of the Numbers pD=1,259, &c. pF=1,585, 
&c, pH=1,996, Cc. pW=10; of Mr. Briggs's Form. 
3. This Spiral is alſo called the Equiangular Spi- 
ral; becauſe it interſects all the Radii pW, A- 
at equal Angie For ſuppoſe the Arches Nb, W, 
infinitely ſmall, and equal to each other, then may 
the Parts of the-Spiral OQ and VW, be eſteemed 
Right-Lines ; and ſo ſince in the Triangles pOQ, 
VW, the Sides are proportional, viz. Op: pQ :: 
p: pW, and the Angle OpQ=VpW, thoſe Tri- 
angles are ſimilar 3 and conſequently the Angle 
Y pOQ=pVW, or pQO—pWV ; and thus it will be 
* every where. 
4. Now let the whole Scheme be conſidered as 
the Stereographic Projection of one Quarter of a pa- 
= rallel Hemiſphere, then ſhall p be the Pole; WL A, 
2 Quadrantal Arch of the Equator ; the Radii pW, 
pf. pR, Sc. the ſeveral Meridians projected on the 
Plane of the Equator. And ſince 'tis the Property of 
every Rumb Line to make equal Angles with every 
Meridian on the Gloce, and the Angles contained 
between circular Arches on the Globe, are equal to 
the Angles between the ſame Arches in this Projec- 
tion, therefore the Logarithmic Spiral WQB is the 
Projection of a Rumb Line; ſince it has the ſame 
Property on the Projection, as the Rumb on the 
: Globe, as was proved Art. 3. hereof. 
* 5. Moreover, ſince all Right Circles, ſuch as are 
| the Meridians in this Caſe, are 3: prong into Right 
Lines equal to the Tangents of halt the Arches, the 
Lines pB, pD, pF, pH, Sc. will here repreſent the 
8 Tangents of half the Complements of the Latitudes 
AB, CD, EF, GH, Sc. And ſince the Arches in 
de Equator AC, AE, AG, Se. are the Differences 
| | | K 


of 


66 The Logarithmic Spiral, 


of Longitude made by failing from the Latitude B to 
the Latitudes D, F, H, c. on the Rumb or Spiral 
BOW; and it has been ſnewn that thoſe Arches 
are the Logarithms of the Radii pD, pF, pH, &c. 
therefore the Difference of Longitude is. the Loga- 
rithm of the Tangent of half the Complement of Lati- 
tude, reckoning from the Meridian A p whence the 
rithms begin. 

. Therefore the Difference of Longitude RT, 
made by failing from the Latitude S to the Latitude 
V, is equal to the Difference of the Logarithms 
(AT—AR) of the Tangents of the half Comple- 
ments (Sp, Vp) of the Latitudes TV, RS. And 
fince the Ratio of the Progreſſion, or of pW to pV, 
may be infinitely varied, *tis plain the infinite Num- 
ber of Rumbs in a . gpm of the Compaſs deter- 
mine ſo many Scales of Logarithms in the Equator of 
the Tangents of the half Complements of the Lati- 
tudes proper to thoſe Rumbs. 

7. Since then every different Rumb is a Logarith- 
mic Spiral, or determines a peculiar Scale of Loga- 
rithms for the Tangents of the Half-Complements of 
its Latitudes, therefore any Canon or Table of Lo- 
garithm-Tangents, whether of Neper's, Briggs's, or 
any other Form whatſoever, is the Scale of the Dif- 
ferences of Longitude on ſome determinate Rumb or 
other. And conſequently if this Rumb be inveſti- 
cated for the Canon of Briggss Logarithms (now in 
common Uſe,) the ſaid Canon may be made to an- 
{wer all the Purpoſes of the Nautical Meridian Line, 
in Propoſitions of Navigation by Mercator's Chart. 

8. In order to this it muſt be conſidered, that the 
Meridian Line is a Table or Scale of Longitudes to 
every Degree of Latitude on the Rumb which makes 
an Angle of 45 Degrees with the Meridian ; fince 
in this Caſe the Differences of Longitude are always 
equal to the Meridional, or enlarg d Differences of 
Latitude. And fince there is a certain Rumb pn 

| | whic 
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which Neper's or Briggss Logarithm-Tangents are 
the Differences of Longitude, and the Differences of 
Longitude on different Rumbs are to one another as 
the Tangents of the Angles of thoſe Rumbs with the 
Meridian; therefore by having given the Difference 
of Longitude on the Rumb of 45®, in Logarithms 
of Neper's Form, and the Length of the Arch of one 
Minute or Degree in Parts of the Radius, we can 
thence find the Angle of that Rumb which deter- 
mines that Species of Logarithms. 

9. Now the Momentary Augment or Fluxion of the 
Tangent-Line of 45*, is exactly double to the Flux- 
ion of the Arch of the Circle (as is eaſily proved), 
and the Tangent of 45 being equal to Radius, the 
Fluxion alſo of the Logarithm-Tangent will be double 
to that of the Arch, if the Logarithm be of Neper's 
Form; but for Briggs's Form, it will be as the ſame 
double Arch multiplied into o. 43429, &c. or di- 
vided by z=2.30258, &c. the Index for Briggs's Lo- 
garithms, See Chap. VI. Art. 7. 

10, Now fince the Radius of a Circle being put 


| =, the Periphery thereof will be 6.2831853, Ce. 


therefore 360)6.2831853, Sc. (0.01745329, Cc. = 
the Length of the Arch of one Degree. Alſo 
60)0.01745329, &c. (0,0002908882, &c. = the 
Length of an Arch of ce Minute, in Parts of the 
Radius. If one Minute be ſuppoſed Unity, then the 
Proportion for finding the Angle of the Rumb 


required for Neper's Logarithms, will be, as 


1: 2.908882, &c. :: Radius = 1000000, &c.: the 
Tangent = 2908882, &c, of the Angle 71* 1' 42”, 


| Whoſe Logarithm is 10.463726117, &c. and under 
that Angle is the Meridian interſected by that Rums 
Line, on which the Differences of Neper's Loga- 
| rithm-Tangents of the Complements of the Latitudes 
| are the true Differences of Longitude, eſtimated in 
Minutes and Parts, taking the firſt 4 Figures for 


Integers. 
K 2 | 11. 


N 
: 
. 
3 
9 
1 
2 1. 
k 4 
'M * 
=", 
# 
"0 i 
.* 
4. * 
5 N 
; 'Y 
=_ 
, 4 
1 
1 
1 „ 
= 
1 1 
q 
'i 
ww 
+ ” 
l 
'Y 
A 
: ol 
| 
" 
"12 
| 
1 ou 
* 
0 : 


— 
— 
——— 


* K 
— _— 


— j ————ůů — iO SL 


—_ 
* — 1 * 


3 — 
—— — — — — — — — 


ER... 
- _— 


” 
*, 
% 
> - ws * 
————— —— — 


— 


—— 


= — Ü ̃ꝗ »kGm 7˙ w. i... 


—— 


1 
I 
4 
| 
U 
9 : 
't 
's 
| 
7 
þ 
U 


— —-—  —— 


- — — — 
— — —— — — 
=” — 


68 Cunſtruction of the Table 


11. But ſince Myper's Logarithms are to thoſe of 
Mr. Briggs's Form, as 2.302585, &c. is to 1.000000, 


&c. therefore to find the Angle of the Rumb for the 
Logarithms of Briggs's Form ; this muſt be the A 
na y. As 2302385, &c. : 2908882, &c.:: 1000000 

adius: 12633114, &c. = the Tangent of the 


3 38˙ „ whoſe Logarithm i 1$10.101510428, 


&c. Wherefore in the Rumb Line that makes an 
Angle of 51* 38' 9“ with the Meridian, the common 
{viz. Briggs's) ithm-Tangents are the true Dif- 


ferences of Longitude. 


12, But if a Table or Scale of Logarithm-Tangents be 
made by Extraction of the Root of the infiniteft Po- 
er, whoſe Index is the Length of the Arch you put 
for Unity in the ſaid Scale; then ſuch a Scale of Lo- 
garithm-Tangents ſhall be the true Meridian Line (2 
quired. If then the Radius or Tangent of 45*, 
put=1; and the Difference between Radius * 
any other e e T, be called t; ſo that it be 


RENT; the Logarithm of the Ratio of Radius to 
ſuch Tangent will be 
+ x Eo 2 — +>, Sc. t the 


2 3 
Logarithm of the Tangent, when it is R-+t=T. 


Or 7 1 * ＋ — += + 7 + = „Sc. when it 

s R—t=T. All which 18 Nen from Chap. VI. 
Alt 6. 

13. According to the ſame Doctrine (Art. 9. of 


the ſame Chap.) if T be any given Tangent, and t 
the Birnen thereof from another * z then 


the es of hex Ratio will be a x 7 CAN ao 


277 
t3 
2 — 5 4. —_ Sc. when T is the leſſer 
Term. But 
1 * $* RA t 
* 1 T ＋ I Fr + 75 We. 
when 71 is the greater Term. 14. 
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14. Again, it was ſhewn in the ſame Chap. VL 
Art. 10, and 11. that this Series may be made to con- 
verge twice as ſwift, omitting all the even Powers, 
by putting 7 = the Sum of the Tangents, and t = 
the Difference, as above. For thus the Logarithm 

; 2 3 t5 t? 
will be 2 x 7 75 + 57 775 Sc. = the Lo- 

rithm of the Ratio of thoſe two Tangents. 

15. But the Ratio of T to t, or of the Sum of two 
Tangents to their Difference is the ſame as that of the 
Sine of the Sum of thoſe Arches to the Sine of their 
Difference; that is, again, as the Ratio of the Co- 
Sine of middle Latitude (or half Sum of the Arches) 
to the Sine of half the Difference. Therefore putting 
$ = Sine-Complement of middle Latitude; andes for 
the Sine of half the Difference of Latitudes ; then 


. =; and ſo the Series will become 5 x © + 
3 8 


1 
43 4 $ 4 7 . . 


of Latitude are ſmaller, fewer Steps will ſuffice. 

16. So that, if the Equator be put for Middle-La- 
titude, then ſhall S=Radius, and s=Sine of the La. 
titude; then the Meridional Parts reckon'd from the 

Ude? K = 5 8 
Equator will be, x - + = + = he he Sc. 


| Here becauſe r=1, tkerefore = x 5 4- 2 - 
| 2 I + 7 * 


fl! Iich e Es: 9, 
0 [T4 Sc. the half of which is ＋ + — 4- = + 5 
en Sc. = half the Logarithm of the Ratio of r + s to 

5; that is, of the verſed Sines of the Diſtances 
from both Poles. See Chap. VI. Art. 11. 
| 17. I ſhall exemplify this Series by ſhewing how 
| the Meridional Parts anſwering to 30 Latitude, are 


to be found thereby, and that by the Logarithms, 
as follows. 


The 
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The Logarithm of the 

Sine 9 is . — ae Bs 
Multiply by . ...... . -- - SAME 3 
The . E $= 99. 0969 100 
Subſtract the Logarithm of 32 0.4771213 


r 1 = . o4 16667 =. 8.619788 
And proceeding thus, | 5 =0.0062 500=.7.7958800 
you'll find the o- 
ther Steps of the bh 
Series by their Lo- 
garithms, as here 0 9 


=0.0011160=.7.0476920 
O. 0002 171. 6. 3304875 
ſet down. 8 5.64727 73 


3 


The Sum of s + -- + 
"hy es TT = =0. 5492942. 9. 7398051 


To which add 
the Log. of $1 123437. 7467708, &c. g. 5302739 
The Sum 1s the 
Log. 3 the Me- » | 
ridional Parts \ viz, 1888, &c. =2.2760790 
for the Arch cs N 
of 305 
18. And thus you may proceed to find the Length 
of any other Arch, or the Diſtance from the Meri- 
dian of its Parallel of Latitude; and ſo the Meri- 
dian Line may be conſtructed de novo, if any one 
thinks it worth while. But tho' it may be done with 
greater Accuracy and Exactneſs by theſe infinite Se- 
ries than what we have by the common Method ; yet 
the Table of Meridienal Parts, or Nautical Line 
made from thence, now in Uſe, is abundantly ſuf- 
ficient for all the Purpotes of Sailing; and conſe- 
| quently 
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uently renders a new Calculation thereof unneceſ- 

ry, and a Matter of mere Curioſity. And indeed, 
ſince it has been ſhewn above (Art. 9, 10, 11.) the 
Meridian Line is no other than a Scale of the Loga- 
rithm-Tangents of the Half-Complements of the 
Latitude on the Rumb of 51 38 9g”, the Propoſi- 
tions of Sailing by this Method are reſolvable by 
only the Canon o SIT Tn at the End 
of this Treatiſe ; ſo that where this Canon is at hand, 
neither Meridional Table or Line can be neceſſary, 
as will appear by a Chapter particularly on this Sub- 
ject, in the Prafical Part. They who would ſee 
the Theory of this Branch of the Art, may peruſe 
Ne. 219. of the Philoſophical Tranſactions, where 
they will find a moſt learned Tract on this Subject, 
wrote by Dr. Halley; from whence the Subſtance of 
this Chapter 1s taken. 


Dees eee 


ERF. 


| Of the Conſtruction of a Large * Logarithmic 


Scale, exhibiting by Inſpection à diſtinct * I- 
dea of the Nature and Agreement * Num- 
bers and their * Logarithms. 


| 1. T is an Obſervation of the earlieſt Antiquity, 


that we have no Ideas in the Mind which 


| were not fir/t in the Senſes ; or that the Senſes of the 


Body are the only [nlets or Entries by which the 1deg's 


| of Objects preſent themſelves to the Mind. It fol- 


lows then, that the /dea*s muſt needs beſo much the 


more clear and diſtin in the Mind, and conſequently 


be the better underſtood by it, by how much the 


| more fully, compleatly, and obviouſly they firſt of all 
affect our Senſes, Single uniform Objects eaſily in- 


{1nuate 
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finuate themſelves, and make ſtrong and clear Im- 
preſſions on the Mind, while thoſe which involve 
Multiplicity and Variety in their Nature, are 
13 more difficultly apprehended by the | 
es, and conſequently affect the Mind with im- | 
perfect, confuſed, and flight Impreſſions, which there- 
fore muſt produce a more perplex d, obſcure, and un- 
certain Notion or Conception of the Things them- c 
ſelves. E c 
2. From this Conſideration we may yr learn a 
the Reaſon why, of all the vaſt nuniber of Perſons t 
who underſtand the practical Uſe of Logarithms, fo fi 
very few of them know any thing of the Nature and U 


Conſtruction of them. The Uſe of Logarithms is S 


very obvious to the Senſes by eaſy Examples, but of 
their Nature and Conſtruction lead the Mind too of 
much upon the Contemplation of Infinities both of fu 
Quantity and Variety, which are Subjects too vaſtly ca 
abſtruſe and remote from Senſe, ever to be very com- an 
monly underſtood; unleſs ſome Expedients be con- of 
trived, which may help to facilitate ſo difficult an MW © 
Affair. ä the 

3. And as there are principally but three Ways, 
whereby the Nature of Logarithms are explained, 
viz, by Numbers, Species, and Lines, the Expedient 
aforeſaid muſt be ſought in one of theſe bree Me- 


thods. But Numbers, of all things elſe, exhibit the g 
moſt complex and various Idea, therefore it cannot You 
be hoped for from them. Species, on the other hand, and 
are too ſimple and conciſe a Repreſentation of ſo vaſt Ver 1 
and various Idea's as are thoſe of Logarithms, and lineg 
have nothing of their Reſemblance in their Form; hint 
this Expedient therefore is not to be expected from /arge 
this Head. It remains then, that Right or Curve {nl 
Lines be uſed for the Purpoſe of explaining the Na- te 


ture of Logarithms, by making the whole Matter ob- 
vious to the Senſes. And here indeed we_ſhall find * ( 
all that can be deſired, or is neceſſary to the Purpoſe. IMWb*%/* 
[ | | 4+ 
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4. For Example, let the complex Idea of a thou- 
ſand Units be to be expreſs'd moſt advantageouſly to 
a Mind unexerciſed about ſuch complex*d Notions ; 
if you do it by Numbers or Figures, it muſt be by 
this Expreſſion 1000; but there are but four Cha- 
rafters to form an Idea of a thouſand ſeparate Objects 
in the Mind. In Species, this great and complex I- 
dea is often repreſented by one Character alone, as x; 
or two, as IX; which are ſtill more obſcure and 
abſolutely unintelligible without ſome Pre-Notions of 
the Matter. But a Line may be taken of a Length 
ſufficient, that by proper Diviſions, all the thouſand 
Units may be render'd diftin& and obvious to the 
Sente, in any variety of Magnitude almoſt, but eſpe- 
cially if they are equal to each other, as in the Caſe 
of Logarithms before us. Wherefore, ſince by Lines 
ſuch great and almoſt inconceivably complex Ideas are 
| capable of being repreſented to the Senſes, diſt ini 
and ſeparate in their proper Parts, and the Dofrine 
of Logarithms depending entirely on ſuch Ideas, tis 
evident that by Means of Lines of a ſufficient Length, 
| the Nature and Properties of Logarithms, and the 
Operations thereby, may he render'd more apparent 
and compleat to the Senſes, and ſo be better under- 
ſtood in the Mind, than by any other Means what- 
ſoe ver. | | 

5. The Conſequence of all which, is, that the 
young Tyrs, and all who would have a true Noticn . 
and moſt clear Underſtanding of this abſtruſe and my- 
ſerious Doctrine, ſhould be aſſiſted with ſuch a large 
lineal Conſtruction of the Legarithms, as hath been 
hinted at. And this, I hope, I have effected in the 
large Diagram on the Copper-Plate before you, with 
conſiderable Exactneſs, which I call the Logarith- 
mic Scale, Wherein all that has been faid in the Ge- 
nera Theory aforegoing, or may follow in the pradli- 
cal Operations of Logarithins, is evident even to 
denſe it ſelf, to a very wonderful degree, by a bare 
; 4. L Inſpection, 
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Inſpection, or a Glance of the Eye only; and there. 
fore cannot but conduce to form a very diſtin& and 
agreeable Idea or Notion both of the Theory and 
Praxis of this admirable Art, 

6, The Scale conſiſts of three principal Lines 
which bound it; the fir/# is AB on the Side, which 
is 22 Inches in Length, and is divided into 1000 e- 
qual Parts which repreſent the natural Numbers from 
1 to 1000, all which are viſible and diſtinct to the 
naked Eye; which Numbers therefore are affixed to 
every ioth Divifion. The ſecond is AC at the 
Bottom, divided into 300 equal Parts, (as being but 

167 Inches long.) Theſe repreſent the Logarithms , 
if each of theſe equal Parts be ſuppoſed to repreſent 
10, or 100, the Logarithms, then, for all Numbers 
under 1000, will be exhibited by Lines only to 4 
or 5 Places of Figures, including the Indices. The 
third principal Line is the Logarithmetic Curve 
eDEEB, in which all the Lines of Numbers and Lo- 
garithms terminate, and whoſe Geneſis and Proper. 
ties have been before deſcribed. See Chap. III, IV, 
V, Se. 

7. The Scale conſiſts (or is made up) of Lines of O 
Numbers, and others which are the Complements of 
the Logarithms to 3.0000. The firſt are perpendi. 
cular to the Logarithmetic Line AC in its ſeveral 
Diviſions, and increaſe in Length in a Geometrical 
Ratio; as hath been obſerved : thus dividing AC 
into 3 equal Parts CG=GH,=HA, if GD be the 
oth proportional Term from Ce St, or Unity, then 
ſhall GD=10Ce=10, and HE=10GD=100Ce= 
100. Laſtly, ABz=10 HE=100 GD looo Ce 
1000; as is evident from the Nature of the Curve, 
and by Inſpedtion. The Complements of the Loga- 
rithms are the Lines which run acroſs the Diagram, 
parallel to the Line of Logarithms AC; theſe at the 
Curve refer the Numbers to their proper Logarithms, 


and by means of thoſe Lines thus croſſing each othe! 
; in 


oO .. Os. pO 8 
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in every Part of the Scheme, the Logariubms of Num- 
ber, and the Numbers of Logarithms are moſt eaſily 
and obviouſly found; for the Extent of the Scale, 
by Inſpection only. 
| 8. It is not pretended that this (or any other) In. 
| ſtrument is capable of any great Exactneſs in practical 
, Operations; tis ſucffiient for my Deſign, if it only 
L illuſtrates and proves the Truth of every part of the 
: Doctrine of Logarithms to the Senſe, and thereby 
0 renders it eaſier to the Iutellects of young Learners. 
- If the Theory before deliver'd be examined by this 
t Scale, it will be found to agree with it to a ſenſible 
Exattneſs ; it being as it were but the ſame thing ar 
large. In the following Part, I ſhall ſhew the Cor- 
reſpondence and mutual Agreement between the fun- 
damental Operations by Logarithms wrote by Num- 
bers, and the ſame performed on this Scale; than 
which nothing more, that I know of, can be ſaid or 
expected. 


DDD ονο 
CHAP. XI. 


NuMBERs, SINEsS, and TANGENTS, by means 
of the LoGARITHMS. 


1. H R Canon of Logarithms being compleated 

and orderly digeſted in Books, tho' this was 
a greater Advantage than the Mathematicians of any 
former Age enjoy'd, yet not content to have a bulky 
Book of Logarithms, fit to be uſed in S!udies and 
with the Pen only, the reſtleſs and unſatisfy'd Fa- 
hms, culty of Invention in Men put them upon Contri- 
other vances to new - model and reduce the veluminous Art 
7 L 2 to 
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to Miniature, that ſo it might be render'd more 
eaſily manageable, and more univerſally uſeful. 

2, In the Purſuit of this Deſign they alſo very 
well ſucceeded ; for fince Numbers of any kind are 
capable of being repreſented by Right- Lines, they 
were not long unappriz'd that the wwhole Body of the 
Canon of Logarithms might be laid down and ex- 
preſs'd in the Diviſions of one trait Line. Mr. 
Gunter, Profeſſor of Geometry at Greſham-Collepe, 
was the firſt who took this matter in hand, and con- 
ſtructed ſuch an artificial Line of Logarithms; which 
therefore from him was called (ever fince) Gunter's 
Line, or ſimply, the Gunter. The ſame Perſon alſo 
conſtructed artificial Lines of Sines and Jangents; 
and all thoſe Lines, with ſome others laid down on 
a Scale, make what we commonly call Gunler's- 
Scale. 

3. The Conſtruction of thoſe artificial Lines is 
eaſy to be underſtood, and is as follows. Draw the 
Right-Line AB (Fig. VII.) which divide into 10 
great equal Parts, as 1s there denoted by 1, 2, 3, 4, 
Sc. and each of theſe into 10 others, and fo on. 
Conceive theſe ſeveral Diviſions, or equal Parts, to 
repreſent the Logarithms in the Canon for the natu- 
ral Numbers. Now ſuppoſe the whole Length 
AB=10, then the firſt grand Diviſions will be 1, 2, 
3, 4, Sc. But if AB=100, then the firſt Divi/ion; 
will be 10, 20, 30, &c. and the ſecond Diviſions 
1, 2, 3, Sc. Again if AB=rooo, the prime Di- 
vſſons will be 100, 200, 300, Cc. and the ſecondary 
Diviſions, 10, 20, 30, &c. Suppoſe the latter Cafe, 
viz. AB=1000; then draw another Right-Line CD 
equal and parallel to AB, the natural Line of Lo- 
garithms, 

4. Now in the Line CD, ſuch Diviſions are to be 
made as may repreſent the Places of the natural 
Numbers 1, 2, 3, Sc. or 10, 20, 30, Cc. or 100, 
200, 300, &c. But neglecting the Indices of Logs 

8 | rithms, 
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rithms, *tis plain, ſince the Logarithms of the Num- 
bers I, 10, 100; 2, 20, 200; 3, 30, 300; Ec. 
are the ſame, the Diſtances of thoſe Numbers will be 
the ſame on the Line or Scale CD. And therefore 
fince the Logarithm of 1, is = oO, the Number 1 
muſt be placed at the very Beginning of the Line 
CD, from whence the Logarithms begin in the Line 
AB. Then becauſe the whole Line AB = 1000 — 
Logarithm of 10=CD, therefore againſt the Loga- 
rithm of 2, which is =3o1 in the Line AB, make 
a Diviſion in the Line CD, and by it place the Num- 
ber 2. Again, becauſe the Logarithm of 3 is=477 
in AB, therefore correſpondent to the Point in AB, 
make another Diviſion in CD, and by it place the 
Number 3. The Logarithm of 4 is 602, therefore 
from 602 in AB make a Diviſion in CD, by which 
you muſt place the Number 4; and thus you pro- 
ceed to find the Diviſions for the other Numbers to 
10 in the Line CD, by the Logarithms of thoſe 
Numbers in the Line AB. 

5. If the Diviſions in the Line CD now found 
for the Numbers 1, 2, 3, 4, Sc. be ſuppos'd, in- 
ſtead of them, to be for the Numbers 10, 20, 30, 
40, Cc. then each of thoſe Diviſions may be ſub- 
divided into 10 others, by the Logarithmic Parts in 
the Line AB. Thus, becauſe the Logarithms of 
11, 12, 13, 14, Sc. are 41, 79, 113, 146, 6c. 
therefore againſt theſe latter Numbers in the Line 
AB, make Diviſions in the Line CD, fo ſhall the 


firſt grand Diviſion from 1 to 2 be divided again into 


10 others. Again, becauſe the Logarithms of 21, 


22, 23, 24, Sc. are 322, 342, 361, 380, Sc. 


therefore Diviſions made in CD againſt theſe Num- 
bers in AB will finiſh the Subdiviſions of the Space 
from 2 to 3, in the ſaid Line CD. And thus pre- 
ceeding, you may ſubdivide all the other grand or 
prime Diviſions, to the End of the Line. 


6, 
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6. If your Lines be of fo great Length, that theſe 
kſt Subdiviſions in CD, are ſtill of a Length capable 
of another tenfold Diviſion ; then the firſt grand Di- 
viſions muſt be reputed 100, 200, 300, &c. and ſo 
fince the Logarithms of the Numbers 101, 102, Ce. 
201, 202, Sc. 301, 302, Cc. are 4, 8, Cc. 303, 
305, Sc. 478, 480, &c. therefore if againſt theſe 
Parts in AB, you make Diviſions in CD, there will 
enſue a triple Diviſion of the ſaid Line CD, which 
is more than is neceſſary for Inſtrumental Uſes, and 
indeed cannot be done but only for the two or three 
firſt Diviſions. | 

7. Thus have you ſeen the Conſtruction of the 
Artificial, Logarithmic, or Gunter's Line, ſo famous 
in all Parts of the Mathematics. A Line which per- 


| 2 the Buſineſs of the whole Logarithmic Canon 
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nce the Diviſions of this Line have all the fame 
Properties with regard to the natural Numbers on it, 
as the Logarithms of the Table have to the Numbers 
correſponding to them. Tis plain the Diviſions and 
Relation of theſe two Lines AB, CD, are the ſame 
as At, and AT, in Fig. IV. and III. Conſequently 
what has been ſaid of thoſe Lines heretofore will help 
to illuſtrate the Theory and Conſtruction of the Lines 
now under Conſideration. But ſince in Uſe the 
Gunter CD is ſuppoſed to be divided into an 100 
Parts at leaſt, therefore you always (or moſtly) ob- 
ſerve it of a double Length of that which is expreſſed 
in Fig. VII. which Length is commonly called Ra- 
dius; and ſo the Gunter in common Uſe is ſaid to 
be of a double Radius; becauſe elſe the Diviſions for 
the nine Digits would be wanting, ſince the Diſtance 
from 1 to 10 is equal to that from 10 to 100, as is 
evident from 1 Conſtruction, and from 

the Theory of Logarithms., | 
8. Having thus ſhewn the Conſtruction of the Line 
of Numbers, the Conſtruction of the Lines of artificial 
Sines and Tangents eaſily follows; ſince, as before 
obſerved, 
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obſerved, the Logarithms of Sines and Tangents are 
nothing more than common Logarithms of ſuch Num- 
bers as expreſs the Sines and Tangents of each Minute 
of the Quadrant. 


Deg. N. Sine. Log. JN Tang. Log 
| 1 I7 | 2418 17 2419 
2 | 34 | 5428 35 | 5430 
3] 52| 7188] 52 | 7194 
4| 69 8345] 70 | 8446 
5 | 87 | 9402] B87 | 9419 
| 6 | 104 1.0192 105 | 1.0216 
| 7 | 121 1.0858 I22 | 1.0891 
| 8 | 139 [1.1435 140 | 1.1478. 
| 9 | 156 [1.1943 158 | 1.1997 
10 | 173 [1.2396 | 176 | 1.2463 
20 | 342 |1.534@| 363 1.5610 
30 | 500 [1.6989 | 577 17614 
40 | 642 1.8080] 839 | 1.9238 
30 766 | 1.8842 | 1191 | 2.0761 
60 | 866 [1.9375] 1732 2.2385 
70 | 939 [1.9729 | 2747 2.4389 
80 | 984 1.9933] 5671 |2.753 
90 | 1000 [2.0000 | Infin, | Infin. 


In the little Table above, the firſt Column contains 
the Degrees, the 2d and 4th the Natural Sines and 
Tangents, and the 3d and 5th Columns contain the 
Logarithms of thoſe natural Sines and Tangents, the 
Indices being omitted, and the Radius ſuppoſed = 
10000, 

9. Let three Lines be drawn, and let I. = Line of 
Logarithms, or double Radius of 20009 equal Parts ; 
S=a Line for Sines; and T = Line for Tangents ; 
the two latter muſt be drawn equal and parallel to the 
firſt; as in the Conſtruction of the Line of Numbers. 
Then having graduated the Line L into 20000 _ 

arts, 
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Parts, if againſt ſuch of thoſe Parts as are expreſs'd 
by the Numbers in the 3d Column, you make Di- 
viſions in the Line S8, and by thoſe Diviſions you 
place the Numbers in the firſt Column, you will then 
have the artificial Line of Sines S graduated for the 


firſt great Diviſions of 1, 2, 3, 4, 5, 6, Sc. 10, 20, 


30, c. Degrees: After the ſame manner by che 
Table of Logarithmic Sines you find Numbers, from 
whence in the Line L you find Diviſions in the Line 
S for Minutes, and Parts of Minutes. And thus the 
Line of artificial or Logarithmic Sines is finiſhed. 

10. Again, from the ſame Parts of the graduated 
Line L, as are found in the fifth Column of the Ta- 
blet, you make Diviſions in the Line T, and by them 
place the Numbers of the firſt Column, the Line T 
ſhall be the artificial Line of Tangents graduated for 
the firſt great Diviſions of 1, 2, 3, 4, 5, Sc. 10, 20, 
30, Sc. Degrees. And the Subdiviſions for Minutes 
will be found as before directed. But tho' the donble 
Radius on the Line L ſuffices for graduating the Line 
of Sines S, to the whole Length of 9o Degrees, be- 
cauſe all Sines are leſs than the Radius of a Circle, 
which is the greateſt Sine; yet becauſe the Radius of 
a Circle and the Tangent of 45 Degrees are equal ; 
therefore *tis evident the Logarithms of all Tangents 
greater than 45 Degrees, will exceed the Length of 
the Line L, as is plain from the fifth Column of the 
foregoing Tablet. 

11. But ſince Radius is a mean Proportional between 
the Tangent of any Arch, and the Tangent of that 
Arch*s Complement, it follows, that the natura! Tan- 
gents in the Geometric Ratio or Scale are equally diſtant 
on each Side from the Radius or Tangent of 45 Dc- 
grees : and. therefore the Logarithms of thoſe nazura! 
Tangents, which are equidiſtant on each Side the Na- 
dins or Logarithm of 459, are alſo equrdrferent ; that 


is, their Differences are equal. Thus the Difference 


of 44* and 46, from Radius is the ſame ; and 


the 


Chap. XI. of Numbers, Sines, &c. 81 


the Differences of 40 and 509, 30“ and 60, 209 
and 70% Sc. are reſpectively equal to each other; 
and conſequently the firſt great Diviſions from 1 to 
45 on the Line T of artificial Tangents, will like- 
wiſe ſerve for the Co-Tangents of thoſe Degrees, that 
is, for all the Tangents from 45? to 90, reckon'd 
back again to the beginning of the Line T. And 

this is the Reaſon why on thoſe Lines of Tangents, 
| you ſee the Numbers placed at each 1oth Diviſion, 
thus 10 | #0, 207%, 30e, 40] 50, 45, at the End. 
For otherwiſe the ſaid Line of Tangents, muſt be 
continued out to double the Length it now is, which 
would not be near ſo convenient. | 

12. The Numbers in the 2d and 4th Columns are 
the Diviſions on the Gunter, which correſpond to the 
fimilar Diviſions on the Lines of Sines and Tangents ; 
| wherefore the former being already made, the 7wo 
latter may alſo eaſily be conſtrued by means of that. 
And theſe things are all I judge neceſſary to be ſaid 

here concerning the Conſlruction of thoſe excellent 
Lines of artificial Numbers, Sines, and Tangents ; 
and as to their Uſes, that will be a Subject to be 
treated of after the practical Uſe of the Logarithms 
themſelves is firſt explain'd and inculcated ; for then 
the Uſe of theſe Inſtruments will be much better con- 
ceived and underſtood. 


M CHAP. 
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CHAP. XII. 


Of the MANNER ef uſing the TABLES of Lo- 
GARITHMS in PRACTICE 3 and of the Pre- 
requiſites thereto. | 


1. HE Logarithms being made for natural 

Numbers by ſome of the Methods before- 
going, the next thing neceſſary was to diſpoſe them 
into ſome convenient Order or Form for practical Uſes, 
And ſuch a Digeſt or Collection of Logarithms, we 
call the Logarithmic Canon or Tables. 

2. Theſe Tables are of two Sorts ; the firſt con- 
tains the Logarithms of all natural Numbers from U. 
nity or 1 to 10000, or 101000 (as thoſe large Table: 
of Mr. Sherwin.) In theſe, the general Manner or 
Form is ſuch as here expreſs'd 
in the Margin, which conſiſts 
of two Columns; in the firſt are 
placed the Numbers, in the ſe- 222 2.998095! 
cond the Logarithms correſpond-| 99 ee ; 5 
ing thereto, with their Indices. 2 22 5 
And three of theſe double Co- 1001 wy 3 
lumns fill a Page in common 1002 3 OE? 
Books of this Form ; and this, e 12 4 
of all others, is the moſt obvious 422 
and eaſy as to its Uſe, which therefore can need no 
Explanation. For by Inſpection only is ſeen what 
Logarithm belongs to any Number within the Com- 
paſs of the Table. | ; 

3. But tho' the aforeſaid Form be the moſt natu-E 
ral and obvious, yet it is not the moſt artful and 
comprehenſive ; therefore another Form or Diſpoſition 

of the Tables for natural Numbers has been contrive: wi 
more 


umb. Logarithms. 


Po 
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more conciſe, or which takes up leſs room, and is yet 
as perfect and uſeful as the other; a Specimen of this 
Form I have here annexed. | 
Ne. Logarithms. 

| O | 9 2 83 4 


173 238046238297 238548238799 239049 
174240549 | 240799 | 241048 | 241297 | 241546 
1751243038 | 243286 | 243534 | 243782 | 244030| 


In which the natural Numbers are placed in the Side- 
m Column to the /eft band, all but the Units Place, or 
. fr Figure of the Numbers, which is found in a pa- 
ve rnallel Column on the top of the Page, in the Order 

o, 1, 2, 3 4, Sc. as you ſee in the Specimen. By 
n- this. means one Column of Numbers ſuffices for one 
U. Page, whereas in the other Form there are three ſuch 
Columns, the whole Page itſelf conſiſting entirely of 
the Logarithms, which in this Caſe admits of five 
Columns; but the Indices are here omitted as not be- 


| I ing neceſſary, ſince they are known by the Numbers. 
5 The manner of uſing this Form is yet very eaſy. 
: For Example, to find the Logarithm of the Num- 
ber 1742; againſt 174 in the Side-Column, and under 
99 the Units Place 2 at the top, I find the Logarithm 
** 241048, and ſince the Number has four Places, the 


557 Index muſt be 3; where 3.241048 is the Loga- 
„ rithm compleat for the Number 1742. Thus the 
211i Logarithm of 1753 23.243782 and ſo for others. 
ed no 4. But the Tables of Logarithms are yet capable of 
what a further, and much more curious Improvement with 
Com- regard to their Contraction or Conciſeneſs; for ſince 
the Differences of Logarithms decreaſe as the Num- 
natu-{bers increaſe, tis plain thoſe will grow very ſmall as 
] and{theſe become very large; and conſequently the 29 
ofition ſor three firſt Figures of the Logarithms to the left 
trive: wil be the ſame for divers large Numbers together in 
more M 2 | the 


| 
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the Canon. Thus for Inſtance, the Logarithms of all 
the Numbers between 4168 and 4266, have the two 
firſt Figures to the left the ſame in every one, viz. 
62. So likewiſe all the Logarithms between the 
Numbers 9954 and 9977 have their firſt three Fi- 
gures the 8. viz. 998, the Difference of the Lo- 
eu being only in the remaining Figures. The 

igures of the Logarithms therefore may be reckoned 
of two ſorts, viz. ſuch as are permanent or the ſame, 
for certain Intervals; and ſuch as are variable or al- 
ways altering. In this Form of the Canon now un- 
der Conſideration, theſe permanent Figures are 
printed but once for their reſpective Intervals, and 


that in the firſt Column of Logarithms next the 
Numbers the variable Figures only pertaining £0 each 


Logarithm make the Subſtance, or fill the whole 
Face of each Page, as in the Specimen here ſubjoin'd. 


— 


Ns. Logarithms. 
8 I 2 3. j + 


132 12.0574| 0903 12311560 1888 
133] 3852] 417804504 48305156 
134] 7105| 7429752 80008 9%//ß 
13513-0334 065510977|11298|1619| 
1360 3539] 355814177 4496/481 
137] 0721] 703717354(707017987 
135] 9879601940508 0822|113 
1 39114-3015] 3327 3639/39514263 
94£197 5-432| 4780 524| 570 616 
946] D891] 937] 983\*029| 075 
947976.350/ 396 442 487] 533 
1945 808] 854] 900} 946 991 
194$1377-206| 312] :358| 403 449 


8. The Numbers here, as in the laſt Form, are, 
for the three firſt Figures to the left, found in the 
255 Side- 
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Side-Column, the other Figure at top. The Loga- 
rithms in this Specimen are 65, yet but fix of them 
need be expreſſed at length, viz. thoſe for the Num- 
bers 1320, 1350, 1390, 9450, 9470, 9490. The 
Logarithm for 1320 is thus wrote, 12.0574, to de- 
note the two firſt Figures 12 (ſeparated by a Dot) 
are permanent thro* the Interval between 1320 and 
1350, that is, they belong to the Logarithms of all 
the intermediate Numbers between thoſe two, and 
therefore need be expreſs'd only for the firſt ; the 
other Part of the ſaid Logarithm which is variable, 
is expreſs'd alone in all the reſt, The upper Part of 
this Specimen or Tariff conſiſts of Logarithms having 
two Figures in the permanent Part ; the lower part 
is an Example of Logarithms having three Figures 
in the permanent Part, To finda Logarithm there- 
fore to any given Number, will alſo be very eaſy in 
this Form. Thus, ſuppoſe the Logarithm be ſought 
for in the Number 1323, *tis found in this Manner. 
Take the permanent Part either againſt or next above 
the three firſt Figures 132, which here is 12, then 
againſt 132 and under 3 at the top, you find the va- 
riable Part 1560, to which prefix the permanent Part 
12, and you have the Logarithm 121560, which 
with the Index, is 3.121560. Again, to find the 
Logarithm of 1 374, take 13 the permanent Part next 
above the three firſt Figures 137, then againſt 137, 
and under 4 at top, you find the variable Part 7987, 
which annexed to the former Part 13, make137987, 


and with the Index, 3.137987, the Logarithm 
ſought. 

Thus alſo you proceed when the permanent 
Part confiſteth of, three Figures, where the Intervals 
are much ſhorter. One caution only is neceſſary, 
and that 1s, that you obſerve in thoſe Lines where 
there is found an Aſteriſm“, to join all the variable 
Parts in that Line before the“, to the permanent 
Part next above; and all after it, to that next below. 


Thus 


86 The Manner of uſing the 
Thus in the 7th Line, and 2d Column, you ſee an 
Aſfteriſm , therefore the variable Part 9879 before 
it muſt be join'd to 13 the permanent Part next above 
it, to form the Logarithm 3.139879 for the Num- 
ber 1380: But the variable Parts 0194, 0508, Sc. 
following it, are to be annexed to 14 the permanent 
Part next below, to form the Logarithms 3.140194, 
.140508, Cc. for the Numbers 1381, 1382, Sc. 
The Reaſon of which I preſume muſt be ſelf-evident 
to every Reader. | | 
7. I have been the more prolix on this aft Form, 
leſt any Obſcurity or Uncertainty ſhould remain to 
diſcourage or prejudice the young Tyro againſt ſo rare 


and ſo advantageous a Contrivance. I ſay, ſ rare; 
becauſe I have never ſeen (amongſt many) above one, 


viz. Sherwin's Canon, in this Form; and that, by 
reaſon of its great Price, is not very common. Tho? 
that Gentleman ſays in his Preface, he has in this ex- 
cellent Method followed Dr. Jobn Newton in his Ti- 
gonometria Britannica, a Book which I have not ſeen. 
The Advantage alſo of this Abbreviation is next to 
that of the Invention it ſelf ; for hereby the prolix 
and unwieldy Tables (in their original Form) are re- 
duced or abridg'd to one half the Bulk nearly; all 
the ſuperfluous Part being omitted, and nothing but 
what was neceſſary retained in this Canon. 

8. According to this moſt excellent Abridgment 
therefore, I have firſt of all, that I know of, pub- 
liſhed the common Canon of Logarithms for Num- 
bers from 1 to 10000; having taken the no ſmall 
Pains of tranſcribing the whole with my own hand 
from the aforementioned large Work of Mr. Hen. 
Sherwin, which is tlie moſt correct of any extant. 
9. In this Form or Diſpoſition of the Canon, I 

have alſo publiſhed the Logarithms of Sines and Tan- 
gents 3 which thing hath not been done before in any 
Work great or ſmall, that I have ever ſeen or heard 
of, This makes the 2d Part of the OO 
ables, 
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Tables, as mentioned Art. 2. And ſince they are 
here in a different Form from all others, it may not 
be unneceſſary to hint to the young Learner, that 
the Numbers expreſs'd in the Side-Column are the 
Degrees, and every 10th Minute, and the Numbers 
in the parallel Column at top are the Minutes between 
the 10ths; ſee the following Tariff of the Logarithms 
of Sines in this Form for the Minutes from 72 De- 
grees to 73. 


. 8 11234 
72. 09/78. 206 247 2880329370 


10 6151655 696[7 36/777 
| 201979.0191059 10011401230) 


— 


30] 4201460,5005391579| 
40] 81618551895 :934'973 
__ 5olg80.2081247 28613251364] 


To give an Example, let the Logarithm be ſought 
for the Sine of 729 43“. Seek in the Side-Column 
72? 40%, next above which is the permanent Part ot 
the Logarithm 979 in the firſt Column of Loga- 
rithms ; then againſt 720 40, and under 2/ at top 
you find the variable Part 934, which annexed to 
the other makes 979934 z to which-prefix the Index 
(which is ſet at the top of each Page) 9, and the Lo- 
garithm is compleat, viz. 9.979934 for the Sine of 
72? 43“/; and thus you proceed for any other. 

10. I have contracted the Logarithms to fix Places 
of Figures only, as being ſufficient in common Uſe; 
the natural Sines and Tangents are not here inſerted. 
fince when their Logarithms can be uſed, they them- 
ſelves are uſeleſs, Beſides, whenever they are re- 
quired, they may be immediately had from their 

garithms. For Example, ſuppoſe I would know 
the natural Sine and Tangent for 38? 47', the Loga- 
rithm, Sine and Tangent of this Arch, are 9.7968 36, 

| and 


— — — 
- 
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and 9.905009, To theſe Logarithms (neglecting their 
Indices) find the natural Numbers, by the firſt Part 
of the Canon, they will be 625377 and 803542, the 
natural Sine and Tangent ſought. (See the Method 
below, Art. 15. for finding the Number of a given 
Logarithm.) 
11. The Logarithm of the Secant of any Arch, as 
of 38 47', is thus eafily obtain'd : 
From the double Radius.......... 20.000000 
Subſtra& the Co-Sine of 38? 47' = . . 9.891827 


There remains the Log. Secant of 3847 10.108173 
And thus the Logarithm of any other Secant may 


be found, and conſequently the natural Secant, or 


natural Number belonging thereto. 

12. The Reaſon why the Indices, on the top of 
the Pages, of the Logarithms of Sines and Tangents, 
are ſo large, viz, 7, 8, 9, 10, 11, Sc. is becauſe 
the Radius of the Circle was ſuppoſed to confiſt of 
10000000000 equal Parts, whoſe Logarithm there- 
fore is 10.000000 ; wherefore 2 Number of ſuch e- 
gual Parts expreſſing the Sine of one Minute 1', will 
confiſt of 7 Places, whoſe Logarithm then will have 
its Index 6. The otherSines will conſiſt of 8, 9, and 
10 Places, and fo the Indices of their Logarithms 
will be 7, 8, 9, as in the Tables; thus alſo the 
Numbers expreſſing the Tangents in ſuch equal Parts 
will conſiſt of 7, 8, 9, 10, 11, 12, 13, and 14 
Places of Figures, whence the Indices of their Loga- 
rithms muſt be 6, 7, 8, 9, 10, 11, 12, 13, accord- 
ing to Art. 11th and 12th of Chap. I. But fince, 
as before ſaid, the firft ſix Places of the Logarithms 
to the left are ſufficient, the reſt are rejected as ſu- 
perfluous. 

13. In future Operations there will be frequent 
Occafion for what is called the Ari thmetical Comple- 
ment of a Logarithm, which is nothing but the Dif- 
ft erence 
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ference between that Logarithm and Logatithm-Ra- 


dius 10.000000. 


D .. « + + 10.900000 
You ſubduct the Logarithm ..... . . 4.877026 


There will remain the Arithmet. Comp. = 5.122974. 
And this is done mentally in an Inſtant, by taking 


every Figure from g, except the firſt, which you take 


from 10. | | « 
Note. If the Logarithm be of any Sine or Tan- 
gent, add 10 to the Index of the Arithmetical Com- 
plement, and it will be the Logarithm of the Co- 
Secant of the ſame Arch. For Example, | 
Suppoſe the Log. Sine of 30 48' =... 8.821342 
The Arithmetical Comp. thereof is. . . 1.178658 
A A000 10, 


The Sum is the Log. Secant of 86 12 2 11.178838 


Which is evidently the ſame Operation as that in 


Art. 1 1. hereof. 
14. From the Theory of Logariihms we learn, that 


the Differences of great Numbers are proportional to 
the Differences f their Logarithms. (See Chap. V. 


Art. 6, 7.) Therefore tho the Canon of Logarithms 


goes no farther than the Number 10000, it may by 
this means be extended to the Number 100000090, 
or the Logarithm of any Number under 10000000 
may be found by the preſent Canon; according to 
the following Rule. | | 
Firſt; find the Logarithm of the four firſt Figures 
of the given Number, by the firſt Part of the Canon. 

Secondly ; ſubſtract this Logarithm from the Lo- 
garithm next greater or next following in the Table; 
and reſerve the Difference. | 

Thirdly ; multiply the Difference, by the remain- 
ing Figures of the given Number; and from the Pro- 
duct cut off to the Right hand, ſo many Figures as 
there were remaining in the given Number. 

N Fourthly; 
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Fourthly ; add the Remainder of the ProduB to 
the Logarithm firſt found, the Sum ſhall be the Lo- 


garithm ſought. 


For Example, let the AFR of the Number 
127053 be ſought, : 


The Logarithm of the 
firſt 4 Figures [2D : 
The next greater Log. is of. 127100 = 5.104146 


. 127000 = 4.103804. 


The Difference 100 342 
Wherefore ſay, as 100: 342 :: 53: 181,26 
53 
1020 
1710 
181026 
Add the firſt Logarithm 5.103804 
The Sum is 5.103985 = the Loga- 


rithm ſought for the SIE 127053. 


Example 2. Required the Logarithm of the Num- 
ber 3567894 ? 
The Logarithm of the BY 

firſt 4 Figures . 3867000 = 6, 552303 

The Log. next following is of 3568000 = 6.552425 

The Diff. of Numb. and Log. 1000 122 


Then ſay, as 1000: 122 :: 894: 109,068 
Add the firſt Logarithm .. 6.552303 
the Sum is the Log. 3567894=0.552412, as was re- 


quired. And thus you proceed for the Logarithm of 
any other greater Number than thoſe in the Canon. 
15. By a Method reverſe to the foregoing, you 
find the Number correſponding to a given Logarithm, 
thus, ſuppoſe the given Logarithm be 3.567026, 
and you would know the Number thereof. Seck 
this Logarithm in the Table, and becauſe you there 
find it exaly, the Number 3690 correſponding 
thereto, is the Number ſought, But if the given 
Logarithm 
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Logarithm be not exa#ly contain'd in the Table, and 
more than 4 Figures be required, proceed as follows. 

Firſt; ſeek in the Table a Logarithm the vet le/5 
to the given one, for the four firſt Figures of the 
Number ſought. | 

Secondly ; ſubſtract this Logarithm from the given 
one, and annex to the Remainder, /o many Cyphers as 
you ſeek Figures more than four. 

Thirdly ; take the Difference between the Loga- 
rithm juſt found and the next greater, by which di- 
vide the ſaid „ Remainder, the Quotient an- 


nexed to the tour firſt Figures ſhail compleat the 
Number ſought. 


Example 1. Let there be ſought the Number to the 
Logarithm 5.103985, to fix Places of Figures. 


The Log. next leſs is of.. 127000 = 5.703804. 


The given Logarithm ... , 5.102985 
The Difference or Remainder - * 50 BYE 
The next greater Logarithm 127100 = 5.104146 
Diff. between the greateſt and leaſt Log. 342 


Since the Places in the Number ſought are 6, aug- 
ment the firſt Remainder 181 with /2wo Cvphers, and 
it will be 18100; then 342)18100(=5;3, which an- 
nex'd to the four Figures 1270 before found, make 
the Number 125053 required. 
Thus alſo to the given Logarithm 6.552412, you may 
find its proper Number 3567894, and fo for others. 
16. In the ſame manner you proceed to find any 
Decimal Number to a Logarithm given, only in this 
Cafe the Indices of the Logarithms are neglected till 
the Operation is finiſhed, and then ſo many Figures 
are tobe cut off from the Number found for Deci- 
mals, as the Index of the given Logarithm ſhall indi- 
cate ; what is here ſaid relates to plain or term:- 
nate Decimels only; but there are other ſorts of De- 
cimals which circulate or perpeiually repeat one or 
2 more 
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more Figures ad infinitum : And thoſe Figures which 
thus circulate are Repetends, as in theſe Numbers, 
Viz. 235,2222, Sc. 27, 83333, Sc. 2.383338, Sc. 
702,6026026, Cc. 0,2672326723, &c. Now theſe 
Repetends need be wrote but once if we ſlur the firſt 
and laſt Figures in each, to denote them ſuch, as 


thus 235,z ; 27,83; 2,38 ; 702,69 ; o, 36723, &c. 
See more in my Univerſal Syſtem, or Body of Decimal 
Arithmetic, printed for Mr. Noon. 


„ 


17. The Logarithms for the Re- C +=0.04 5757 
peating 9 Digits are made by adding | z=0. 346787 
the Ariihmetical Complement of the | 5=0.522879 
Logarithm of 9, to the Logarithms ] A=. 647817 
of the ſaid Digits, and are ſuch as“ Fo. 744727 
here annexed, The Logarithms of | 6=0.32 3909 
pure compound Repetends are made by | 7=0.890855 
adding 
of /o many 9's, as there are Figures in L 9g=1.000000 
the Repetend, to the Logarithms of thoſe Numbers 
conſidered as terminate. Thus the Logarithm of the 
Repetend 36,5 1s found as follows : 

To the Logarithm of . ........ 36.5=1.562292 
Add the Ariih. Complement of.. 999g—0.0004 34 


The Sum is the Log. of the Repetend 36,5=1.502727 


and thus proceed for others. 

18. If the Repetend have any prefix'd terminate 
Part; then from ſuch a mixed Repetend ſubſtract its 
terminate Part, and to the Logarithm of the Re 
mainder add the Arithmetical Complement of the 
Logarithm of as many 9's as there are Figures in the 
Repetend. For Example, ſuppoſe you would find 
the Logarithm of the id Repetend 26892, 7, pro- 
ceed thus: | INE] 


From 


the Arithmetical Complement 8 o. 948847 
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From the Repet end.. . 26892, 7 
Subſtract the terminate Part 26 


To the Log of the Rem. . . 26890, 1=4.429592 
add the Ariubm. Complem. of qgggg=0.000043 


The Sum is the Logarithm of 26892,z=4.429035 


Note, the Indices of the Arithmetical Complements 
are here (as in theſe Caſes they always muſt be) o- 
mitted. 
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CHAP. XIIL 


Of the Origin and Conſtruction of SHAKERLY's 
andSTREET'SLOGISTICAL LOGARITHMS. 


I. HE Uſe of Logiftical Logarithms is in Aftro- 
x nomical Calculations, or Sexageſimal Arith- 
metic 3 but this ſort of Arithmetic, which taught the 
Rules of Addition, Sulſtrafiion, Multiplication, Di- 
viſion, &c. of Sexageſimal” Fraitions, viz. Degrees, 
Minutes, and Seconds of Metion or Time, was, in for- 
mer times, called Logiſtical Arithmetic, And ſince 
the Invention of the common Canon of Logarithms, 
Mr. Feremiabhb Shakerly, in his Tabulæ Britannice, 
firſt contrived from them a ſort of Logarithms ad- 
apted to the Rules of Logiſtical Arithmetic ; and 


therefore gave them the Name of Logiſtical Loga- 


rithms. And fince him Mr. Thomas Street, in his 
Aſtronemia Carolina, has invented another and more 
convenient Form of Logiſtical Logarithms, than Sha- 
terly's. And ſince Tables of both theſe ſorts of Lo- 
giſtical Logarithms are extant, *tis proper to acquaint 


the Reader with the Conſtruction of both, which is as 
follows. 


2, 
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2. Since Logiſtical Legarithms are altogether con- 
cerned in working Proportions of Degrees, Minutes, 
and Seconds, and more eſpecially of Minutes and Se- 
conds, together with Iutegers, *tis evident, if thoſe 
Sexageſimal Fractions were reduced into the de 
Denomination, viz. of Seconds, &c. they might then 
be work'd with the Logarithms of common Numbers, 
Thus ſuppoſe the Proportion be 60' oo” : 314% 
51 29“: 31 15"; if theſe fractional Numbers be re- 
duced to Seconds, they will ſtand thus, 3600“: 227 
:: 3089“: 195“; wherefore *tis plain, the Propor- 
tion in this Caſe may be wrought by the common Ca- 
non of Logarithms, as will be hereafter ſhewn. But 
then as here is no Radius, there will ariſe doub!: 
Trouble in the Work by Logarithms in common Uſe, 
in firſt adding the Logarithms of the two mida!: 
Terms, and then ſubſtracting the Logarithm of the 
firſt from that Sum, in order to have the Logarithm 
of the fourth Term ſought ;, or elſe the Complement 
Arithmetical of the Logarithm of the fit Term muſt 
be taken to perform all by Additicn only. To avoid 
therefore the Trouble attending perpetually either of 
theſe Methods, 

3. Mr. Shakerly makes this Proportion, as 36co" : 
227 :: 100000, c.: 0.06305, Sc. or with the 
Logarithms, thus ; 


As the Logarithm of 3600! = 3.556302 

to the Logarithm of 227% = 2.35602; 

ſo the Logarithm of Radius 1.00000,8&c.=10.000000 
to the Logarithm of 0.06305,8&c.=.8.799723 


Now *tis plain, the 2 laſt Logarithms perform the 
ſame as the wo fir/t, their Properties being the ſame; 
but the firſt of the two latter Logarithms is Radius 
10.000000, which therefore he called the Logiſtics: 
Logarithm of 3600" or one Degree, and conſequentiy 
the Logarithm 8.799723 is the Logiſtical Logarithn 
of 227\=3' 47”. And thus the Logiftical Logarithi 

0: 
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of any other Degrees, Minutes and Seconds may be 
found; viz. by reducing them to Seconds, and then 
by taking from the Logarithm of thoſe Seconds the 
conſtant Logarithm 3.550302 of one Degree in Se- 
conds. | 


4. Thus from the Log. of. . 1/=60/=1.778151 
Take the Log. of one Degree 23600 23. 56302 


there remains the Logiſt. Log. of 1260.8. 221849 


_ * . . 1? 300 23780 = 3.577492 
take the conſtant Log. 10 3600 = 3.556302 


E 1? 3100023780 1.021190 


By theſe Examples you eaſily perceive how the Lo- 
giſtical Logarithm may be found for any Number of 
Degrees, Minutes and Seconds, in Shakerly's Form. 
And fince there are 60' or 3600“ in one Hour, as well 
as in one Degree, therefore a Table of theſe Logiſtical 
Logarithms ſerves equally as well in the Computation 
| of Time as Motion. 

5. But if the Timeof a whole 


Day or 24 Hours be the Inte- Ly — | 
err, fince there are but 1440 4 K. 
dkerein; and 3600": 1440 : | 2700 NK VIII. 
e WW 253: 1'; alſo ſince 600: 2411 987505 | oO 4 
| :24:1H®; therefore if, thro? | 1 987522| - 
the courſe of theſe Tables of | 2987338 
% =zitical Logarithms, againſt 31987554] 1 
oo every 2/z you place the Hours, 4987570 
22 and againſt every 2“ (or racher | 3987386 2 
| every 3d and 5th Second) you 6198 7602] 
place the Minutes of an Hour ; 71987018 
| the Table of Logiſtical Loga- | 89876344 3 
r11hms for Motion and Time will | 9987651 
be compleated ; a Specimen of 101987667] 4 
Which, in this Form of Mr, S. FOE Ton 
= | kerley's, 


— — — —— — 
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kerley's, I have before annexed. The firſt Column 


contains the Degrees, Minutes or Seconds; the ſe- 
cond Column the Logiſtical Logarithms thereof; and 
the third Column contains the Minutes of Time, the 
Hour being expreſs'd at the top, viz. XVIII. an- 
ſwering to the Motion of 45', or 2700", 

6. But becauſe theſe Logiſtical Logarithms of Mr, 
Shakerley, conſiſt of many Figures throughout the 
Table, it miniſter*d occaſion to Mr. Thomas Street to 
contrive a more compendious and convenient Form 
of theſe Logarithms ; and ſuch he invented, which 
tho? large at the beginning of the Table, yet imme- 
diately leſſen very faſt, and ſo continue to the End 
of the Table, or 60“ or 3600“; whoſe Logiſtical Lo. 
gariihm is =0. = | 

7. The Reaſon of which is manifeſt from the 
Manner of their Conſtruction, which is as follows. 
Suppoſe any Proportion of Sexage/imal Numbers, as 
that before made uſe of, Art. 2. viz. 60' : 347“: 
51 29” : 3 15", which reduced to Seconds, ſtands 
thus, 3600” : 227” :: 3089”: 195”, Now in order 
to obtain a vacant Term in this Analogy, Mr. $Sreet 
(inſtead of Shakerly*s Analogy 3600”: 227” :: 100000: 
Sc.) inverts the fr/t Ratio, as thus; 227“: 3600' 
: Unity; to a fourth Number whoſe Logarithm is 
reputed t e Logiſtical Logarithm of the firſt Term 
227", as the Logarithm of Unity is of the ſecond 
3600”, See the Work. 


The Logarithm of . ... 3! 47%"=227"=2.356026 
The Logarithm of .. 19=60'=3600"=3.556302 
The Logarithm of Unity ....... . . 0.000000 
The Logiit. Log. of. . 3/ 47%=227%=1200276 


8. Whence it evidently appears, that to find the 
Logiſtical Logarithm of any Number of Seconds, you 
need only ſubſtract the common Logarithm of the 
Number of Seconds from the conſtant common L- 
garithm of 3600", for the Remainder or Leen 

wil 


og . z 


| ber 3600", whoſe Logiſtical Logarithm is nothing at 
all, as before ſaid. L 
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will be the Logiſtical Logarithm required, in Streets 
Form. 8 | 
Thus from the Logarithm of . . 3600'=3. 556202 
Subſtract the Log. of 51 29"=3089 =3.489818 
There remains the Logiſt. Log. of 31 29/=. . 66484 
Again from the faid Log. of . . 3600/ g. 986302 
Subduct the Logarithm of 3' 1;"=195=2.290035 
There remains the Logiſt. Log. of 3 1 1266267 
9. From whence *tis evident, that the greater the 


Number of Seconds is, the leſs will be the Logiſ- 
tical Logarithm thereof; till you come to the Num- 


nd thus it appears that the Lo- 
garithms of this kind of Mr, Street's Form, have in 


them fewer Places of Figures, and are therefore more 
convenient for Uſe, by much, than thoſe of Shakerly's 
| Form, before deſcrib'd. And for that Reaſon I have 
| chole to give the Reader a Table of Sreet's Loga- 
* rithms rather than the other; and tho* Mr. Leadbetter 
| has given us Tables of both ſorts, yet I think it in- 
| tirely needleſs; fince all the principal Uſes of Sha- 
| kerhy's, are much better perform'd in Streets Logiſ- 
| tical Logarithms. 


10. In ſhewing the Manner of making theſe Lo- 


| garithms from the common ones, I have expreſſed 
them at large, viz. 1200276, 66484, 1206267, the 
| Logiſtical Logarithms of 3' 47”, 51' 29”, and g' 157, 
| as per Art. 7, 8. Yet here two things are to be ob- 
| ferv'd: Firſt, that the Index is not, diſtinguiſhed 


from Logarithm itſelf, with a Point, as in the com- 


mon ſort ; but the remaining Figures, both of Lo- 


garithms and Indices, be they more or leſs, are re- 


| puted together, the Logiſtical Logarithm. Secondly, 
that two Places of Figures to the Right Hand in the 
| Examples, are ſtruck off in the Table ; the other be- 


ing fully ſufficient for all the Purpoſes thereof. So 
| O | tha: 
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that in the Table you will find the ſaid Logiſtical Lo. 
garithms wrote 12003, 665, 12663, &c. 

11. Mr. Leadbetter has taken the pains to continue 
the Table of Logiſtical Logarithms in Street's Form, 
to 120', or 2 Degrees; but as there is little occaſion 
for any more than the Logiſtical Logarithms of 60 
or 1 Degree; and when there is, the ſame Logarithms 
are capable of anſwering it, I have therefore con- 
tinued them no farther than the Inventor did, viz. 
to 60' or 3600”, 

12. As to the Form of the Table, *tis very eaſy 
to be underſtood, eſpecially if thoſe of the common 
Logarithms of Sines and Tangents before deſcribed 
are: The firſt Column of the Tables contains the De- 
grees or Minutes, or Minutes and Seconds in Sexa- 
gefimals, as in the common Tables, in the Order of 
Denaries or 10's, the nine Digits running along on 
the top of the Table, under which, in the ſeveral 
Columns, are the Logiſtical Logarithms abbreviated 
in the ſame manner as thoſe of Sines and Tangents ; 
and are to be taken out according to the Directions 
there given, which ſee. In the laſt Column are con- 
tained the Numbers of the firſt reduced to Minutes 
or Seconds ; and are to be compleated likewiſe with 
the Digits on the top of the Table. Theſe are re- 
ferred to when the Logiſtical Logarithm of any inte- 
gral Number is ſought. An Example or two will 
render all eaſy. 

13. Let it be required to find the Logiſtical Loga- 
rithm of 29 48' or 2' 48”, Firſt ſeek 2 40 in the 
firſt Column, and againſt it and under 8 at top, you 
find 310, which annexed to its proper permanent Part 
13 in the firſt Column of Logarithms makes 13310, 
the Logiſtical Logarithm of 2 48, as required. Thus 
the Logiſtical Logarithm of 37' 59! is found to be 
1986; and of 54 40” to be 404; and of 58/3)“ to 
be 101; and of 39“ 53" tobe 8. And thus the Lo- 
: giſtical 
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giſtical Logarithm of 60', is So; and ſo will be a va- 


cant Term in all Analogies for Operation, 


14. Let it be required to find the Logiſtical Lo- 
garithm of the Number 584. Firſt ſeek 580 in the 
laſt or right-hand Column, and againſt it and under 
4 at 5 you ſee 99, which ſhews it muſt be join'd to 
the following permanent Part 78 in the firſt Column 
of Logarithms, and therewith makes 7899, the Lo- 
garithm ſought. Thus the Logiſtical Logarithm of 
1000, is found 3563; and of 3359, to be 301; and 
of 3596, to be 5; and that of 3600 is nothing. 

15. This Table alſo equally ſerves for Time, whe- 
ther for a Day and Minutes, or Minutes and Seconds; 
by help of the little Table at the End of the Lo- 
giſtical Logarithms, which ſhews what Parts of Mo- 
tion in Degrees and Minutes correſpond to Time in 
Hours and Minutes. Thus againſt 13'in Time, you 
ſee 33' of Motion; againſt 1 Hour is 20 30/; and the 


| Motion anſwering to VIP 43“, is 19? 3o', ＋ 19 487 


2 190 18'; and that anſwering XXI 21“ is 522 300%, 
+ 0”? 53“ 33 23; and ſo for other Parts of Time; 
conſequently 


H®. Time. 
s o 13/0 {20378} 28 J of 35 
Ss| = oo | | 13802 „ 2 30 
824 7 43 þbis4 4926558 s 19 18 
v@|21 21 507 285833 23 
Ed 124 oo L o 22 } bo oo 


The Reaſon of all which is evident, from Art. 5. 


hereof, 88 
16, Theſe Logiſtical Logarithms may in like man- 


ner be render'd applicable to Computations of Money, 


Weights, Meaſures, Sc. Thus fince 60? :206:: 3: 1, 
therefore the Shillings in a Pound correſpond to each 


3d Degree or Minute of Motion. And again, fince 
950% : 3600" :: 1: 3053 therefore to 1, 2, 3, 4 Cc. 
Fartbings there anſwers 3, /, 11', 15', Sc. Minutes 


O 2 | of 
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of Motion; whence a Table may be form'd to ſhew 
the Logiſtical Logarithm for any Number of Far- 
things under 960, or one Pound. And thus you 
may proceed to frame a Table to render theſe Logi/- 
tical Logarithms for Motion uſeful for the Ounces and 
Pounds in an hundred Weight ;, and that with great 
Eaſe, ſince 1792, the Number of Ounces in an Hun. 
dred Weight Averdupoile, is nearly half the Number 
3600”, the Seconds of the Table. Conſequently, 
the Logiſtical Logarithm of the Double of any Num- 
ber of Ounces, 1s that required for the Pounds and 
Oxnces equal thereto. 

47. Or, laſtly, *tis eaſy for any one who ſhall 
think it worth while, to calculate Tables of Logi/- 
tical Logarithms, for any Species of Computation, 
peculiar to it ſelf. Thus with reſpe& to Ee, if 
the common Logarithms of all the Farthings under 
960, be ſubducted from the conſtant Logarithm of 
960, the Remainders will be the Logiſtical Loga- 
rithms of the Farthings in a Pound. The common 
Logarithms of all the Numbers of Ounces under 1792 
ſubſtracted from the conſtant Logarithm of the faid 
Number 1792, will leave the Logiſtical Logarithms 
of all the Qunces in an hundred Weight. And thus 
you proceed to make Logiftical Logarithms of any 
Kind you pleaſe, or may have occaſion for. Which 
is too eaſy a matter to require an Example, beſides 
thoſe above, Art. 7, and 8, 
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LOGARITHMOLOGY. 


PART II. 


ThePs axis of LoGARITHMs, Common 


and Logiſtical : 


With its APPLICATION fo Vulgar and Duo- 
decimal Arithmetic, Plain and Spherical Tri- 
gonometry, Navigation, Menſuration of Super- 
fictes and Solids, Gauging, Timber-Meaſure, 
Aſtronomy, perform'd Numerically and Inſftru- 
mentally. | 


CRAP. I. 


Of the Rules of ADDITION, SUBSTRACT1oN, 


MULTIPLICATION, and Divisiox of the 
Indices of LoGARITHMS, 


I, 'S the Theory of Logarithms has been largely 
premiſed, the Rules for a Practical Uſeand 
Management of thoſe artificial Number 
will from thence be eaſily underſtood, and the Ra- 
tionale of every Operation be apparent to the intelli- 
gent Reader. Before we proceed to the Uſe of Lo- 
garithms as applied to common Arithmetic, &c. we 


muſt 
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muſt firſt conſider ſome previous Rules and Methods 
which regard the due ordering and working thoſe 
Numbers themſelves, on account of the Indices, 
which admit of divers particular Caſes in the Rules of 
Addition, Subſtraftion, Multiplication, and Diviſion : 
which therefore muſt be exemplified and illuſtrated as 
in the Sequel of this Chapter. 
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2. As in all Species of Arithmetic the firſt funda- 
mental Rule is Addition, ſo in this of Logarithms, 
the Rules which require this primary Operation come 
firſt to be conſider'd, and they are as follow. 

(Note, I ſhall in this Place call the Indices of Loga- 
rithms of whole Numbers, Integral Indices ; and 
thoſe of the Logarithms of Decimal or Frafic- 
nal Numbers, Decimal Indices.) 

Rule I. If the Indices be both Integral, add them 

together for the Sum required. 

Nule II. If the Indices are both Decimal, add them 
as before; and obſerve, (I.) if the Sum be above or 


Juſt 10 or 100 (StA; ſee Chap. IV. Theory) caſt 


away 10 or 100. (2.) If the Sum be under 10 or 
100 (StA) add 10 or 100 thereto; and both the 
Sum in the latter Caſe and the Remainder in the for- 
er, will be Decimal. 

Rule III. If the Indices be of different Kinds, 412. 
Integral with Decimal, the Sum, if under 10 or 100, 
is Decimal ;, if juſt 10 or 100, or above, caſt away 
10 or 100, the Remainder is Integral. 

Rule IV. In caſe the Sum of tuo or more decimal 
Indices be leſs than 10=tA, the beſt way will be to 
uſe the Jarger decimal Indices, where tA=100; and 
then their Sum will be greater than 100, and fo the 
Reaſon of the Operation will be more evident. 

3. All theſe Rules relate to the Indices of the Lo- 


garithms only, and are exemplified as follow: 


E x- 


Ru] 


Exa 


Rule] 
Part 


Tis 
what 
2Ppe: 
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Examp. I. To 3.513217 Exam. II. 2.317227 


d 2.303196 0.850891 
Rule I. Sum = 5.816413 Sum = 3.168118 
Exam. III. To. 9.849235 Exam. IV. 9.237406 
| add .7.786822 95.072607 
Rule II. MT 
Part I. sum 7.636057 Sum 92.310013 


Exam. V. To. 4.273760 Exam. VI. 62.346174 


add . 3.067247 21.300725 

Rule II. 5 8 2 Ja 

: Part * S. 2. 17.341007 Sum . 18 3.646899 
We 5 

a Exam. VII. To. 6.372458 Exam. VIII. . 88.426703 

R add 2.673842 5.268402 

- | Rule III. Sum=.9.046300 | Sum = .93.695105 


Exam. IX. To 5.206737 Exam. X. 8.426735 
add .8.312046 92.105374 


Rule III. Sum- g. 318783 Sum = 0.532109 


— — 


6 C Or 3 thus, per Rule * 
Exam XI. 4.20310 Ex. XII. 94. 203 10 

— 1.312729 91.312729 
2.070346 | .92.070346 
Rule II. — " 3 — 
Part a} S. = 27.586181 77.586187 


Tis poſſible theſe two laſt Examples may ſeem ſome- 
Lo- hat ob/cure ; but the Reaſon and Truth of each will 
appear, if they are wrought az 7wice, as follows: 


2 I To 


——— — — — _— — I <z — 
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To 4. 203106 And 94. 203 106 

add . 1.312729 91.312729 

Rule IT. —_— — _ 
es! S. =.15.515835 Rant. $.m $5.51 582; 

to which add .2.070346 .92.070346 
Rule II. Rule IT. , 


Part 1 8. =.27.586181 Patt 1. : 8. 2. 77.886181 


From whence appears the Reaſon why, in theſe 
Cafes, the larger Indices are preferable to the ſmaller 
Ones. | 


SUBSTRACTION of LoGARtTHMS. 


4. In the Subſtraction of Indices the following 
Rules are to be obſerv'd, viz. | 

Rule I. If they are both Integral, and the higher 
one the greater, the Remainder will be Integral. But if 
the lower one be the greater, then add 10 to the higher 
one, and ſihſtract; the Remainder will be Decimal. 

Rule II. If both Indices are Dectmal ; and the 
higher be the greater; the Remainder is Integral; if 
not, add 10 or 100 to the bigher one, and fubduR 
the lower, the Remainder will be Decimal. 

Rule III. If the Indices are of different ſorts, viz. 
one Integral the other Decimal ; then if the higher be 
Integral, add 10 or 100 to it, and ſubſtract; the 
Remainder will be Integral. But if the higher be De- 
cimal and the greater, the Remainder will be Deci- 
mal ; if leſſer, the larger Indices muſt be uſed. 

5. The Rules alſo are eaſily deriv'd from the fore- 

ing Theory, and are illuſtrated by the following 


xamp 
Exam. I. From 5.816413 Ex, II. 3.168118 


Subſtract 3.513217 2.317227 


Rule I. Rem. = 2.303196 Rem. = 0.850891 


Ex. 
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Ex. III. From 3.513217 Ex. IV. 0.850891 
ſub. 5.816413 | 3.168118 


Rule I. Rem. . 7. 696804 Rem. = 7.682 773 


Ex. V. From 4.503617 Ex. VI. 94.420345 
ſub. 3.467 306 92.673457 


Rule II. Rem. =4.026311 Rem. 1.746888 


Ex. VII. From .3.467306 Ex. VIII. .92.673457 
ſub. 7.503617 94. 420345 


8 Rule II. Rem.. g. 963689 Rem. 2 98.233112 


Ex. IX. From 5.816413 Ex. X. 6. 2067347 
ſub. . 8. 132700 94.1533012 


— 


Rule III. Re. 7.683713 Rem. 12.0332335 


— 


— — 


Ex. XI. From 8.1 32700 Ex. XII. 94.278769 
ſub. 5.810413 6.165348 


Rule ITT. Rule III. oy 
Part 2, Ine 2.316287 Part 4. I 


MurT1iPLICATION of LoGARITHMS. 


3 6. In Chap. IV. Art. 19th and 20th of the Theory, 
the Rules for multiplying the Indices of Logarithms 
(of Pure Fractions eſpecially) are demonſtrated ; and 
are, | 
3115 Rule I. If the Index be Integral, multiply as uſual ; 
722] the Product ſhall be Integral. 
— Rule II. If the Index be Decimal, make the Lo- 
0891 Fearithm of Unity, or tA=100, then ſhall the ow 
| P e 
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be of the larger Sort, which in this Caſe, will be more 
convenient for Uſe ; and then according as you mul. 
tiply by 2, 3, 4, 5. 6, Fc. you muſt reject 100, 200, 
300, 400, 500, c. from the Product,, the Remain. 
der thereof will be Decimal. 


Ex. I. Mult. 3.420673 Ex. II. 5.700672 
by 2 4 


Rule I. Prod, 26.841 346 Product 22.802686 


»» 


Ex III. Mult. . 96. 130126 Ex. IV. 91.034105 
by 2 | 3 


Rule II. Pr.= 92.260252 Prod. = 73. 102 3218 


Ex. V. Mult. .84.034121 Ex. VI. .70.061059 
by + 5 


Rule II. Pr.=.36.136484 Prod. = .50.305250 


In this laſt Example, the Index .70. x 5=350 ; but 
fince from 350 you cannot reject 400, as per Rule ll; 
therefore it muſt be 400—350=.50. which ſub- 
ducted from 99, leaves 49; which ſhews that 49 
Cyphers above 100, that is, 149 Cyphers are to be 
prefix d; and this you are to underſtand in all Caſes 
where xL. is leſs than x—1xtA. See Chap. IV, 
Art. 20th, of Theory. Or thus, in general let tA = 10 


or 100 ; then when xL is greater than l x tA, then 
it will be xL—x—1 x tA—g or 99, is equal to the 
Number of Cyphers to be prefi d. But if x—1 xtA 
is greater than xL, then it will be x—1 xt Al. 


—9 or 99, = to the ſaid Number of Cyphers. 


D. 


Ex 


Ru 
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Division of LOOARITHMSV. 


- W 7. This is but the Reverſe of the foregoing Ope- 
ration; and the Rule for decimal Indices the reverſe 
| to that; which is alſo derived from Chap. IV. Art. 

2 21f}, and 22d of the Theory, which ſee, 

+ Fuel. If the Index be Integral, divide as uſual ; 

5 and the Quotient-Index will be Integral. 

Raule II. If the Index be Decimal, uſe the larger 

Sort; and then adding to the ſaid Index 100, 200, 

6 Zeo, Sc. divide by 2, 3, 4, &c. the Quotient- Index 

vil be Decimal. N | 


18 ; Ex. I, Divide 6.841348 Ex. II. 22.802688 


50 | Rule I. Quot.=3.420673 Quotient = 5.700672 

; — — N — — 
Ex. III. Div. . 92.2602 52 Ex. IV. 8 3. 102 300 
_ N by 2 3 


N Rule II. Qu.. 96.1 301 26 Quot. =.94.30743 ; 


Ex. V. Divide .36.136484 Ex. VI, 30. 3052 50 
ö by 4 5 


Keule II. Qu.. 84.0 34121 Quot. — .86.0610 50 


Fa. CHAP. 
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CHAP. IL 


Of MULTIPLICATION and DIVISION of 
WHoLE NuMBERs and DECIMALS by Lo- 
GARITHMS, 


I. Aving before ſhewn the Method of finding 
the Logarithms of all kinds of Numbers 
both Integers and Decimals, and alſo of fitting and 
adjuſting proper Indices thereto z and in the forego- 
ing Chapter, the Aritbmetical Management thereof 
in all Varieties : I ſhall now apply the Uſe of thoſe 
excellent Numbers in the Rules of Arithmetic ; and 
firſt in the Multiplication and Diviſion of Whole Nun- 
bers and Decimals. 
2, From the foregoing Theory (ſee Chap. I. Art 
10; and Chap.III. Art. 12.) we obtain this eaſy 


and obvious Rule for the AMlultiplication of all kind 
ot Numbers by Logarithins, 


| ne the Logarithm of the Multiplicand, 
VIZ, 


Add the Logarithm of the Multiplier; 
The Sum is the Logarithm of the Product. 


Examples of INTEGERS. 


Logarithms, 

3. Example I. Multiply... ... 12 = 1.079181 
. 8 = 0.903090 

Paus 96 = 1.982271 


— _—_—__ 


Ex: 


Chap. II. by LOGARITHMS. 


2 Example II. Multiply... . . , 127 
TEES I2 
Product. 1324 

of 
8 Example III. Multiply ...,. 526 
| 70006 100 
Product. . 52600 
Example IV. Multiply . . . . 9876 
by au 517 
Product . . 5105892 


Example V. Multiply . . . 987600 
bj . . 517000 


Product 510589200000 
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L ogarithms, 
= 2.103804. 
= 1.079181 


= 3.182985 


= 2.720986 
== 2.000000 


| = 4.720986 


= 3.994581 


= 2.713490 


= 6.708071 


= 5.994581 
= 5.713590 


=11.708071 


U 
2 4. Examples of M1x'D NuMBERs. 
my Example VI. Multiply ... .. . » 7,5 = 0.875061 
by /e 10 = 1,000000 
ithms o 75 2 1.875061 
9181 — — 
3090 | : 
—— | Example VII. Multiply... . 12,4 = 1.093422 
22711 „„ 3,0 = 0.556302 
92 Product. 44,04 = 1.649724 
Ex: 


Ex- 


Multiplication 


Example VIII. Multiply . . 


Logarithms. 


9.881955 
2.755875 


Product .. 434, 34 


Example IX. Multipl . . . 
b 0,00019 


1.562293 
6.278754 


Product 0,0069 35 


7.841047 


Example X. Multiply . . 


9.674861 
1.803705 


— — 


1.478596 


6 = 0.823909 
= 9144737 


Product 


3.78 = 0.568636 


— 


Example XII. Multiply . . . 22,23 = 1.326541 
42,8 = 1,62 3458 


Product 900, 718 = 2.949999 


Was 


— — 9 — 


Examples of Putt DPOIMAIS. 


Example XIII. Multiply ..... 


9.079187 
9.903090 


8.982271 


— — 


Ex- 


— — 
2X 
— - * 
>, 9 
r — —⁰ 
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| 

; Logarithms. 1 

Example XIV. Multiply . . , 0097 = 97.986772 "1 
Y « - « « 200021 == 46.322219 14 

Product o00002037 = 94. 308991 24 


Example XV. Multiply ,00479 = .97.62 3458 
DY ++ 00008 = 95.948845 


rr 


— 


* is PR 
a -w_ 4 Uo = : 
- - _ = — 
— — > UC EF» ͤ— 


Product ,0000003735 == .93.57230 
——— i 
1 


Example XVI. Mult. ,00000085 = 93.929419 if 

by 4,o000012 = .94.079181 il 

Produ& ,00000000000102 = .88.008600 6 

— — PER CEO {If " 

| 4 

Ex. XVII. Mult. ,ocooooo00075 = . 9o. 875061 14 

by ,000006 = 94.778151 I 

ee. — — — 109 

Product ,0000000000000045 = 8.663212 1 

g gras a oY Lt 

1 

6. DIVISION by LOOARITEHM SVS. 1 
In the ſame Part of the Theory referr'd to (Art. 2.) 1 


for the Rule by which Multiplication is performed by 4; 
Logarithms, you will likewiſe find the Demonſtration 1 
of the following Rule of Diviſion of Numbers by | 

Logarithms ; 


From the Loge rithm of the Dividend, 

Subſtracꝭ the i ogarithm of the Diviſor; 

The Remainder is the Logarithm of the 
Quotient. 


VIZ. 


Ex- 


£17 Divijion 


Examples of Ix T EOERS. 


7. Example I. Divide 96 = 1.982271 
by. . 12 = 1.079181 


* 


Quotient. 8 = 0.903090 


* 


— 


Example II. Divide....... 1524 = 3.182985 
by :.. 172 a= 2.103804 
= 


Quotient 12 


1.079 181 


Example III. Divide... 52600 = 4.720986 
| 5 526 = 2.720986 


Quotient. 100 == 2.000000 


— — — — — 


Example IV. Divide. . . 5105892 = 6.708071 
. 3 517 2.713490 


Quotient 9876 = 3.994581 


11 


* 


— 


Exam. V. Divide 510589200000 = 11.708071 


by 5 987600 = 5.994581 
Quotient 517000 5.713490 

8. Examples in Mix'p NuuBExsõ. 
Example VI. Divide 75 = 1.875061 
„ . 7.8 == 0.875001 


Quotient „„ 01.000000 


— 


— 


1 Ex- 


Logarithms. 


Es 


| Ex: 
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— * 


A —C ———— —_ ———— 
— 2 


L ogarithms. 
Example VII. Divide 44,04 = 1.649724. 
„„ 12,4 = 1.093422 


Quotient .'.. 3,6 = ©. 556302 


A * — 4 + az . "_ . Wan. 
— — * PI. 4 >; 42783 F . 2 ew = 


Example VIII. Divide . . 434,34 


* 
— — —— — — 2 - — — — — — _ OY — 
— —— —— — Ay —-—̃ —e— 
4 £ y 8 SY 


— 
— — 


= 2.637830 
by ..... 570 = 2.755875 


Quotient. 4,762 = 9.881953 


; 
0 
Example IX. Divide. , 006935 = 7. 841046 | ; 
N b 7 36, = Jin 562293 1 
Quotient 50007 9 = (6.278753 , | 

ME TO Re 1 
; fr 
| Example X. Divide. . 30,1 = 1.478566 1 
DY . coo ooo 63 = 1.803705 * 
Quotient . . : . . 4473 = 9.674861 4 

Example XI. Divide 3,79 = 0.568636 [ 
J by.. . . 5 = 0.823909 pt 
Quotient. 5 = 9.744727 [if 

ONTO 4 

Example XII, Divide . . 900, 718 = 2.949999 1 


— 

— 
— — ny 
- 


, FORTY £36. = 1.623458 f 
Quotient. 22, 23 = 1. 1326567 10 
2 9. Ex- | 
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9. Examples in PURE Dzc1MaALS. 
| Logarithms, | 
Example XIII. Divide... ,096 = .8.982271 
by. ... 512 = 9.079181 


Quotient. ,8 


9.993090 . 
Exam XIV. Divide ,000002037 = 94.308991 
| by.... $0097 = .97.986772 | 


Quotient 00021 = 96.322219 a 


Ex. XV. Divide . . ,0000003735 = .93.57230; 
bỹỹ7 0000F _ 5.94884) 


Quotient 500428 = 97.623458 


Ex. XVI. Div. ,ooo00000000102 = .88.008600 
by . . ,00000085 = .93.929419 


Quotient „0000012 = 94.079181 


Ex. XVII. Div. ,ooooooooo0000045 S. 8.6532 12 
by.. »000006 =.94.778151 


Quotient ,00000000075 =.90.87 5061 


to. I think theſe Examples in the Mzultiplicatici 
and Diviſion of Numbers by Logarithms, are ſufficient 
to inſtru any docible Genius in his Practice herein; 
and as the latter are but the Converſe of the former, I EN 
ſo they mutually illuſtrate and prove the Truth of N 
each other reſpectively. | 


| The 
CHAP 
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CHAP. III. 


Of raifing PowERs, and the EXTRACTION of 
| RooTs by LoGARITHMS, 


1. ROM the Theory of Logarithms (Chap. J. 
= Art. 12. and Chap. III. Art. 13.) we have 
\ WF an evident Rule for the Involution of Numbers, or 

railing them to any propoſed Power by means of Lo- 
garithms 3 which is this, 
| : Multiply the Zogarithm of the given Number 
| by the Index of the Power, viz. 2, 3, 4, 5, 
Sc. the Product ſhall be the Logarithm of 
the Power, viz. the Square, Cube, Biqua- 
drate, Surſolid, &c. Power of the ſaid given 
Number. 


0 
N Examples in INVOLU TION, 
9 


| 2, Example I. What is the Square of the Num- 
ber 32? 2H 
* Multiply the Logarithm of 32=1.505150, 71 

by the Index of the Power ..... 2 


viz. 


5 


The Prod. is the Log. of the Square 1024=3.010300 


—— r 


| Ex. II. Required the Square of. . . 3.2=0.505150 j 


* —_ - 
—_— . * EY 2 _— -* = _ 
* — _ _— — 2 — J i 
2 — — 5 — 3 I — — 2 _ - - FS  —. 8 — "I - — PRE — 2— —— —— - - — - * 
2 32 EY 1 N LM — — — > == — 2 
- _ — - amm 1 = * - * * — * = Fi > = 
> = _ —w — * — — — —— om - — 1 —— — * 1 
2 p = aun „ a s CLAS. _ , - & +=, £ — 
1 4 — 5 
= _ — — - - * „ . —— 2 983 6 * * 7 - = - - - * 2 
= = - "= n= 22 £ I « 4 = 


” Multiply by . . . .. ++ + + » 2 N 
258 The Prod. is the Log. of the Square 10,24=1.010300 | 
Ex. III. Required the Square of.. , 3 2. 9. 305 150 
10 Multiply by 5 8 SS 2 


The Product is the Anſwer . . ,1024=.9.010300 


Q 2 Ex- 


116 Of raiſing Powers 


Example IV. Required the ſeveral Powers of the 
Number 1.05 to the Surſolid ? 


1. The Logarithm of . . . . . 1.05=0.021189 
— BY 5s 2 


The Product is the Square. . . 1,1025= 0. 042 2378 


2. Multiply the Logarithm of 1.05=0.021189 
WIS +» oe. >. + 2.4 | 3 


The Product is the Cube 1,157625=0.063567 


3. Multiply the Logarithm of 1.05=0.021189 


J 4 


Product is the Biquadrate 1. 2165062 5=0.0 847 56 


4. Laſtly, Multiply the ſame . . 1.05 0.021189 
e e 6 


Product is the Cur ſolid 1.2773315625=0.10594; 


Example V. Required the ſurfolid Power of the 
Number ,0006 ? 


Multiply the Logarictam of , 0006 =. 96.778131 
By the Index of the Power 5 


— 


The Sur /ol. ,00000000000000007776=.83.89075; 


Example VI. What is the Cubo-Cube Power of ,os * 


Multiply the Logarithm of.. ,08=.98.903090 
by the Index of the Power . . b 


The Cudo-Cube Power ,0000002 02144=.93.418540 


Example VI . What is the 57th Power of the Num- 


ber ,99 ? 
Multiply 


SS; 


Ex 
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Multiply the Logarithm of.. ,99=.9.995635 
by the Index of the Power 37 

69969445 
49978175 


The 57th Power is . . . ,56389, &c.=.9.751195 


3. There is another way of railing the Powers of 
Decimal Numbers by Logarithms, and it is thus; 


Multiply the Arithmetical Complement of the 
Logarithm of the given Fraction by the 
VIZ, Index of the Power, the Arithmetical Com- 


plement of the Product is the Logarithm of 
the Power ſought. 


Power is a mix*d Number or pure Decimal) will be 
found moſt certain and ready. Thus in the laſt Ex- 
5 WW zmple this way; 


9 | And this in many Caſes, (as when the Index of the 


he Example VIII. What is the 57th Power of the 
: Number 499 ? 


The Logarithm of . . . .. . »99=.9.99563 
The Arithmetical Complement 0.004. * 
which multiply by . .. . 57 
395355 
21825 
| The Produc -; . 0.248805 
— The Arithmet. Comp. is 


540 the Log. of the Power c „56389, &c.=.9.751195 
um- Example IX. What is the 3th or 25th Power of ,2 ? 


— — _ 
Cy —_— . 7 2 


— — - 0 
— r — 
2 « — 


* 

* 

N 
y - 
af 
t 
9 
1 

N 
+ 
4 1 
y 14 
1i.38 
* 
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The Logarithm of „2 . 9. 301030 
The Arithmetical Comp. thereof 0.698970 
which multiply by the Index 525 
3494850 
1397940 
The Product 0, 17474250 
The Arithmet. Comp. is 2 
the Log. of the u ane 
Example X. What is the 6, 25th Power of ,0032 ? 
The Logarithm of . ,0032==, 7.505150 
The Arithmetical Complement 2.494850 


which multiply by 6.25 


The Product is 15. 592812; 


The Arithmetical Complem. of which is. 84. 407 1875 


And the Number anſwering thereto, viz. 
,0000000000000002 5538 is the 6.25th Power of 
,0032, 


4. EvoruTronor EXTRACTION of RooTs 
by LoGARITHMS, 


This is done by a Rule, the converſe of that for Invs. 
lution, in Art. iſt 3 
Divide the Logarithm of the Power by the 
VIZ Index of the Root, the „ eh ſhall be 
the Logarithm of the Root ſought 
Examples in Evolur To. 


Example I. What is the Square Root of 1024 ? 


Divide the Logarithm of . . . 1024=3.010309 
By the Index of the Root 2 


— — — 


The Quot. is the Log. of the ſquare Root 32 1. 30510 


Tx- 


Ui 
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Example II. Required the Cube Root of 1, 157626 


Divide the Logarithm of 1, 137623 0.063367 
By the Index of the Root 3 


— — — 


The Qu. is the Log. of the Cube R. 1,5 0.0211 89 


Example III. What is the ſur/o/;d Root of the Power 
,00000000090000007776 ? 


The Logarithm thereof is 83.890755 
which divide by the Index - 5 


The Quot. is the Log. of the 
Root ſought 


Example IV. What is the Cubo-Cube Root of the 
Power ,000000262 14.4 ? 


Tze Log. of . . „00000262 144. 93.418340 
Which divide by the Index 6 


| The Root ſought is ,08=.98.903090 


| Example V. What is the 57th Root of the Power 
| „56389, &c.? 

The Logarithm of 
which divide bj 


CNT 


— 


— 


J „0006S. 96.778151 


„56389, &c. . 9.731195 
229=-9-995035 


| 5. Another different way to extract the Root of 
{ Decimal Numbers is the converſe of that in Art. 3d, 
| hereof. 


The Root required is 


he 


Divide the Arilbmeltical Complement of the Lo- 

garithm of the Decimal given by the Index 

Uiz,q of the Root required, the Arithmetical Com- 

2 plement of the Quotient is the Logarithm 
of the Root fought. 


O0 3 Ex- 


— 
— — 


* — — 2 „ 
— — 2 rr 


— a4 — — — 
* A — 4 * 2 "Is w 
=o = pay — — 9 
— — — 
* 3 


I.20 Extraction of Roots, &c. 
Example VI. What is the ,25th Root of the Powet 
„66874, &c.? 


The Logarithm thereof is 9.829238 
The Arithmetical Complement is 0.174742 
which divide bj 25 


| The Quotient 0.698970 
The Arith. Comp. is the Log. g 


of the Root 


Example VII. Required the 6.2 5th Root of the 
Power ,0000C00000090002 5538 ? 
The Logarithm thereof is 84.407187 
The Arith. Comp. of which is 15.592813 
which divide by . . . 6.25 | 


» 92=.9:301030 


The Quotient is | 2.494850 
the Arith. Complem. thereof is. .7.505150 
the Logarithm of ,0032 the Root ſought. 


Example VIII. What is the Cubo- Cube or 6th Root 
of the Power ,1 ? | 


The Logarithm of ,1==,9.000000 
the Arith. Comp. thereof. 0.999999 
which divide by the Index 6 

The Quotient 0.166666 


The Arith. Comp. is the | | 
Log. of the Root ; 09129, &. =.9.833333 


6. Thus you ſee the great Uſe of Logarithms in 
extracting the Roots of a given Power, which tho! 4 
thing ſo very difficult by the Rules of common Arith- 
metic, is yet render'd moſt eaſily practicable by this 
excellent Art; yea *tis eaſy to make it appear, that 
the Exlraction of Roots is not only moſt expeditioully 

rformed, but hath a more univerſal Perfection in 
this Method, than in any other, 
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CEnCUGBEDLDCDLDE ND eee 


CHAP. IV. 


Of the various Rol es of PROPORTION, and of 
finding MEAN PROORTIONALS by LoGa- 
RITHMS, 


. [\ROM the Theory tis evident, that the golden ia 

Rule, or Rule of Proportionals, is wrought 1 

in Logarithms by only the Addition and Subſtrattion it 

| of the Logarithms of the Terms of the Proportian. oy. 

: And if the Proportion be direct, the Rule is thus; ti 

) Add the Logarithms of the ſecond and third 4 

) 97.) Terms, from that Sum ſubſtract the Loga- 

*} rithm of the rt; the Remainder is the 
Logarithm of the fourth ſought. 


Nt 
= Examples in the Gol DEN Rull x Dirett. 
0 
g IM Example. If 12 Pounds coſt 11. 155. 9d. what will 


173 Pounds coſt ? 


56 The Logarithm aß 12 21.079181 
33 To the Log. of il. 134. 9 d., 7870.252246 

Add the Logarithm of. 1732.238046 
in Theo... ..- 5 2.490292 
* Bubſtract the firſt, there remains 23,77 81411111 
10 | Wherefore the Anſwer is 2 3.77 1,=251, 155. 44.4. 


2. But fince if you divide by any Number, or 
in multiply by its Reciprocal, the Effect is the ſame ; 
and alſo fince the Arithmetical Complement of any 
Number, is but the Logarithm of the Reciprocal of 
P. R that 


— * — 
RS = * 
, — — 1 1 : - " — 
* — rr... .... LS — ws — — — — 
1 Yn — » * by LS 
W- * mY 
- = - — 1 i * * 
ba Y _ — — — = . — — — 9 — von ww > "WW —_ — 
— 2 - — - — — — — —— S = _—_ 
— . * 4 4 <I- — . — — — — — — 4 — 2 
— < a 3 My — ” — — 
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that Number; therefore it follows, that where the 
Subſtrafion of a Logarithm is required in any Ope- 
ration, if you take the Arithmetical Complement of 
that Logarithm, the whole may be performed by 
Addition only. Thus in the foregoing Example. 
the Ar. Comp. of the Log. of 12.2. 8.9208 19 
Add the Log. o ß 1,7875 l. O. 282246 
l 173 2.238046 


The Sum is the Anſwer . . 23,77 l 21411111 
the ſame as before. 


Example II. If 2 C. 19. 211. 1402. coſt 51. 175. 8 d., 
what will 31 C. 24. 261. 15 02. coſt ? 
Then 2 C. 14. 211. 14. 2.445 3A. Com.. 9.611665 
The Log. of 53. 175. 8 d. 1 = 5.8844 = 0.769702 
The Log. of 31 C. 29. 261. 1544. 8 606 
31,7405 


The Sum is the Logarithm of 76,3811. 1.882960 
Therefore 76, 38 1 J. 276. 75. 74.3 is the Anſwer, 


. Of the Rule of Three Inverſe, 
or 
n this Caſe you muſt take the Arithmetical Cain 
plement of the third Term, and add it with the Lo- an 
garithms of the other two as before ; fo ſhall th: 
Sum be the Logarithm of the Anſwer. E. 


Example. Suppoſe a Field feeds 18 Horſes for ; 
Weeks, how long will it feed 42, at that rate ? 


* the Logarithm o ß 18 21.293272 
Addy the Logarithm of. 7 O. 845098 
the Arith. Comp. of the Log. of 422 8.376751 


The Sum is the Logarithm of Anſwer 30 47712 


4. 


ww 
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4. Of the double Rule of Three, or Rule of 
Five Numbers. Es 


As in Queſtions of this ſort, there are always /hree 
conditional or ſuppoſed Terms; the firſt of which is the 
principal Cauſe of Gain, Loſs, Action, &c. the ſecond 
denotes the Time, Diſtance, &c. and the third is the 
Gain, Loſs, or Action, &c. So let theſe three Terms 
be denoted by the Capitals P, T, G. Alfo there are 
three other Terms (ſimilar to the three former) which 
make the Queſtion to be reſolv'd; and let theſe be 
repreſented by the ſmall Letters p, t, g. Twoof which 
are always given, and the other is ſought. But ſince 


p: Gp. and again, ſince T: Pirt:g 


therefore Tg = ay » and conſequently PTg=tpG ; 
from which general Theorem we can eaſily find p, t, 


org. Thus, I. ZE = p; and II. S =tz and III. 


28 = g. The Contrivance of theſe excellent The- 
orems we owe to the late Mr. Vard, of Cheſter. 


5. I ſhall exemplify Queſtions in this Rule by Ex- 
amples, as follow. 


Example I. If 100 J. in 12 Months gain 61. what will 
350 J. gain in 9 Months? 
Here P=100, T=12, Gr=6 ; alſo p=350, t=9, 
to find g. | 


the Logarithm of ....... G=6=0.778151 
Addy the Logarithm off P=350=2.544068 
the Logarithm of .. .. . . . t=9=0.954242 


The Sum is the Logarithm of . . . . Gpt=4.276461 


R 2 Add 
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the Logarithm of .. . . . P=100=2.000000 
Add} the Logarithm of... . . , T=12=1.09918r 


The Sum is the Logarithm af . , . . . PT=3.079181 
Then from the Logarithm of . . . . Gpt=4.276461 


Subduct the Logarithm of .... . . . PT=3.079181 


There rem, the Log. of = g=15,75 =1.197280 
Wherefore the Anſwer is 13.75 L216 J. 155. 


6. Example II. If 36 Buſhels will ſerve 24 Horſes 
48 Days, how long will 125 Buſhels ferve 
96 Horſes ? | 
Here P=24, T=48, G==36; alſpp=96, and 
=126; to find t. 
the Logarithm of P=24=1.380211 
Addg the Logarithm of T=48=1.681241 
the Logarithm of g=126=2.100370 


The Sum is the Log. of PTg=5.161822 from? 


the Logarithm of G=36=21, 5 56302 
Add} the Logarithm of p=96=1.982271 


The Sum is the Log. of.. . Gp=3.538573 ſubſ. 


I”? 


Therefore the Log. of C =t = 42 = 1.623249 
The Anſwer, viz. 42 Wecks. 


7. Example III. At the Rate of 431. per Cent. per 
Ann. what Principal will produce 35“. 157. 
in 7,5 Months ? 


Here P=100, T=12, G==44,5; alſo t=7.5, and 
8835.75 to find p. 


Add 
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125 
the Logarithm of P=100=2,000000 
= 


the Logarithm of T==12=1.079181 
the Logarithmof g=35,75=1.553276 


TheSum is the Log. of . . . PTg=4.632457 from} 


49 the Logarithm of G4. 30.663212 | 
A j the Logarithm of t=7.5=0.87 5061 


The Sum is the Log. of Gt=1.528273 wel 


Whence the Log. of x =p=1271,114=3.104184. 


Conſequently, 1271, 1141. 1271 J. 25. 3d. is the 
Anſwer. 


Note, Theſe Theorems give the Anſwer abſolutely, 
without regarding whether the Proportion be Dirett 


| or Jnver/e, or both together, as in Art. 6. Exam. II. 


8. Of the Method of finding Mean Proportionals. 


In order that a clear Notion of this moſt uſeful 


Problem may be had, I ſhall premiſe the following 


things. 

1. Between /wo ſguare Numbers AA and BB, there 
will fall but one Mean Proportional AB; that is, 
A*: AB:: AB: B.. Sce Eucl. 8. 11. 

2, Between two Cubic Numbers A3 and BZ, there 
will fall two Mean Proportionals AB and AB!; that 
is, A;: A*B:; AB* : BY. See Eucl. 8. 12. 

3. Between two Biguadrate Numbers A“ and BY, 
there will fall three Mean Proportionals A*B, A*B*, 
and AB ; that is, A+: AB: AB: AB :: A*B* : 
AB? :: AB : B.. | 

4. Again, between two ſurſolid Numbers A“ and 
B., there will fall four Means, viz. A*B, AB*, 
A*B?, and AB“; that is, A*, AB, AB*, A*B3, 
AB, B', will be Proportionals. And thus the 

I Number 


. 
— — = — v — 
— —— ag ————_ — — 
— — 


2 2 — _ — 
9 = _ — — — — 
3 _ — — * — - — — — — — — — 8 = —_ 
* 7 * 4 2 ©.£5 — — — — = 
- TT 9 2 4% Ld — — - R > — cg - —— — 
3 - * 
1 — = * — = * — 7 
+ - — - x 
_— : — _ - * > " 28... nl * by - 3%. — = . 4 — = - 2 
Fe TN = — — þ — - — — — 7 = 
__—— — — * - * — 
Þo v — 


* 


* _ 2 


— — * 
Ca er we er v—é— — — x Ee 
— — 


"> —_— 
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Number of Mean Proportionals will be always leſs by 
one than the Index of the Power of the given Ex- 
tremes, 


9. But the common Ratio of all ſuch Series is N 


For AA x = = AB; and AB x 4 = BB. 
And As B =A*B; and A*B x? = AB* ; and 


AB* x =ÞB3, and ſo in the others. Here J have 


I 
ſuppoſed A to be the leaſt Number, and B the greateſt, 
and the Series to begin from A*, A*, Sc. But if B 
be leſs than A, and the Series begin from B', B3, +. 
then the Ratio of the Series will be - . 1 
a 0 B* 
Nov > 15 Root of 15 115 Fes Se. and there. y 


fore from theſe Premiſes well underſtood, tis eaſy to 
conceive the Reaſon of the following Rule tor find- 
ing Mean Proportionals, v7z., 


"Subſtra& the Logarithm of the /eaf Term from 
| the Logarithm of the greateſt, and divide 
| the Remainder by a Number greater by one 
than the Number of Means defired ; then 
Rule add the Quotient to the Logarithm of the 
leaſt Term (or ſubſtract it from the Loga- 
| rithm of the greateſt) continually, and t 
i will give the Logarithms of all the Mc 
L Proportionals deſired. 


10. Example I. Let two Mean Proportionals be 
ſougat between 8 (A“) and 28 (= 85.) 


The 


Chap. IV. by LOGARITHMS. 12 
The Logarithm o ß B 28 1.447158 
The Logarithm of A*=z8—0.903090 
The Difference is 5 =O. 544068 

which divide b) 3 
| The Cnotent coco oe N o. 181336 
| To which add the Log. of.. A*\=8=0.903090 
ve . 5 . — 
8 che Log. of c A*B=12,14=—1.084446 
To which add again . 1 . 181336 


The Log. of the 2d Mean AB*=18,44= 1.265802 


| Wherefore * 9 : 12,14 2: 108.44 : 58 
tionals are AS n A: 


11, Example II. Between 16 and 64 find five 


Mean Proportionals. 


The Logarithm of ....... B*=64=1.806180 
Subduct the Logarithm of.. A*=16==1.204120 


EY 


6 


—A > ++ i =20.602060 
s of which is 40 4 . 100343 


To which add the Log. of.. . A*=16=1.204120 


The Sum is the Log. of | 
ls be the iſt Mean a ; A*B=20.158=1.304463 


To which add again . . . 100343 


— ——_ 


— 


The W The Log. of the 2d Mean A*B'=25.398=1.404806 
And 
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And thus you produce the Logarithms of 


6 MEER... AB*=32=1.505156 
„ A*B4=40.317=1,605493 
WT. AB*'=50,596=1.5058 36 


The Series therefore is this, 


r6. 20,158. 25,398. 32. 40,317. 50,796. 64. 
TA“. AB. AB“. AB. ABl. AB. BY 


12. If it were required to find 364 Mean Propor- 
tionals between o and 1.06; or o and 1.05; or o and 
1,04, Sc. then A***=o, and B***=1,06 ; 1.05, 

365 3 
Sc. and ſo > =B=Vv1.06, or V1.05, Ge. 
Wherefore if you multiply the Logarithm of B, by 
2, 3, 4, 5, &c. to 365, you will thereby obtain 
the Mean Proportionals required. And theſe will be 
the ſeveral Amounts of 11. and its Intereſt for each 
Day of the Year, at the Rates of 6, 5, 4 J. &c. per 
Cent. per Annum, Compound Intereſt, But more will 


be ſaid of this hereafter. 


FEE 


. 
SINqPLE INTEREST by LoGARITHMs, 


I. M Y Deſign being only to acquaint the Reader 

with the Theory and practical Uſes of Lo- 
garithms, and not to treat of the Theory of any other 
Art or Branch of Mathematical Science; it will be 
ſufficient for me barely to mention the Theorems or 
Rules, on which the divers Parts of Learning ( 
ſhall treat of, depend, and ſhew how they are moſt 
conveniently wrote by Logarithms, 


of 


e 


1 
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Of SiMPLE INTEREST. 


2. I have more than once ſerv'd myſelf with thoſe 
excellent Theorems of Intereſt contrived by the late 
ingenious Mr. Ward; and ſhall once again make 
them ſubſervient to my Deſign in this Place. In 
order to which 

P=any Principal or Sum put to Intereſt. 

Let R=the Ratio of the Rate, per Cent. per Ann. 
T=the Time the Principal continues at Intereſt, 
A the Amount of the Principal and Jutereſt. 


3. Then any three of theſe being given, the other 
may be found by the following Theorems. 


Theor. I. TRP4P=A. Theor. HI. —*— =P. 


Theor. III, rp = R. Theor, IV. Js = T. 


Queſt. I. What will 2751. 15s. amount to in gz 
Years, at 42 J. per Cent. per Annum? 


Here P=275,75, T=3,5, R=0.045, to find A. 
Theor. I. 


the Logarithm of. . P=27 5.75=2.440515 
heath Logarithm of.. T 3,5 0. 544068 


the Logarithm of.. R=0.045=.8.053212 


The Sum is the Log. of PTR=4 3.43 1=1.637795 
To which add... ..... P=275,75 


The Sum is 
the Amount 


f PTR+P=A=3 19,181=3190, 3s. 7d. 


Queſt. II. What Principal or Sum being put to In- 
tereſt, will amount to, or raiſe a Stock of 
3191, 3s. 7d. in 35 Years, at the rate of 4z/. 
per Cent. per Annum ? 
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The Log. of the Amount A. 319, 18 1. 304036 


Add the Log. of the Time . . T==3,5=0. 544068 
the Log. of the Rate RO. o45 =. 8.653212 


The Sum is the Log. of . . TR=0.1575=.9.197280 


Then the Log. of 3 I=1.1575=0.063521 
Subſtracted from the Log. 7 p 1 
of the Amount leaves F =275,75=2-440515 


— 
Lemma 


. 


f 
3 12 f . 275.75 22751. 155. 


Queſt. III. At what Rate per Cent. &c. will 1550 1559. 
amount to 3191. 3s. 74. in 35 Years? 


Here A—P=319,18 127557 5=43 431. 
The Logarithm.. .. A—P=43.431=1.637800 


the Logarithm of. , P=275,75=2.440515 
Add? the Logarithm of. „ 544068 


The Sum is the Logarithm of PT ... =2.984513 3 


Which ſubſ. from the Log. 
A—P, there will remain 4 R=0,045=8. 653210 


Mii 


he m— 
—— 


Queſt. IV. In what Time will 2751. 195. raiſe a 
Stock of 3191. 35. 7d. at the Rate of 455 
per Cent. per Annum? © 


the Log. of the Prin. P=275,75=2. 440515 
Addy the Fox of the Ratio = =O. 0458, #053318 


Tho Sams is the Log. of PR= ] 1.093727 
Which ſubſtract from 
the Log, of 1 A—P=43:431=1.637800 WI oy 


— 


— 


T here 
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Th ill remain the) A—P | 
"Tag. of | To =T=35=0.544973 


Therefore the Anſwer is 31 Years, 


4. Of AnnviTies, Cc. in ARrtars, 


Uthe Annuity, P:nfion, or yearly Rent. 
=the Time of its Continuance unpaid. 
Put, R=the Ratio of the Rate of Intereſt. 
| A=the Amount of the Annuity and its Intereſt, 


3 212 
C 2 5 | : | 
Then the Theorems for finding each of thoſe Parti- 
culars, are as follows. 


Theor. l. ITE xR :+ TU= A; 


| 2A 8 
Theor. II. TTRETRFzT — U. 


0 

er. II. FU R 

a Theor. IV. VE E 5 yy T. 
3 


Queſtion I. If 2507. yearly Rent (Penſion, Sc.) be 
forborn or unpaid 7 Years, what will it amount 
to in that time at 61. per Cent. for each Payment 
as it becomes due? 

Here U=250, R=0.06, T= 7 ; to find A, per 
Theor. I. | 


\ 14 { the Logarithm of... U=250==2.397940 
Addy the Logarithm of .... T= 1=0.345098 


The Sum is the Log. of TU=1750==3.243030 
add the Logarithm of.. T= 57.845098 


The Sum is the Log. of TTU=12250=4.088128 


jere S 2 Then 
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Then the Log. of — 25250 23.720139 
to which add the Log. of Ro. 06 =. 8.778131 


The Sum is the Log. of 2 xR=315=2.498310 


» 


To which add TU=1750 
- TTU—TU 
„ g „ 20651. the Anſ. 
XR: TUS A | 


Note, if theſe Payments be made 
Quarterly, [(R, 0, and 4T. 
Half-yearly, g R, U, and 2T. 
Three- quarterly, 2 [| iR, 10, and iT. 


5 


Queſt. II. What Year-Rent, Penſion, &c. being for- 
born or unpaid ſeven Years, will raiſe aStock 
of 20657. allowing 6 per Cent. per Annum, 
for each Payment as it becomes due ? 


Here A==206;5, T=7, Ro. o6; to find U, per 


Theor. II. 


Add 5 the Logarithmof..... T=7= 0.845098 
the Logarithm of.. R=0,06=.8.778151 


The Sum is the Log. of. . . TR=0,42=.9.623249 
to which add the Log. of T= 0.845098 


The Sum is the Log. of. TTR=2,94= O. 468337 
From which ſubdut . . . TR=0,42 


There remains . . TTR—-TR=2.52 


to which add ...... 2T=14 
the Sum is TTR-TR42T=16,52=1.218010 
the Logarithm o 2 A=4130=3.015950 


The 


He 


Ac 
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The Difference of theſe Logarithms is U 250“. 
2.397940, which 1s the Annuity ſought. 


Queſt. III. If 2501. Yearly Rent, c. being forborn 


ſimple Intereſt for each Payment as it becomes 


due, what muſt the Rate of Intereſt be per 
Cent. per Annum ? 


115 the Logarithm of.. U=250=2.397940 
Add} the Logarithm of. T==7= 0.845098 


| The Sum is the Log. of . . . UT=17;0==3.243030 
to which add the Log. of. T=7= 0.845098 


The Sum is the Log, of TTU=—12250==4.088 128 
from which ſubduct . . . TU=1750 


5 there remains TTU—TU=10;00=4.021189 
dhe Logarithm of 2A—2TU=630=2.799340 
2 Subduct the former from the a 


latter, there will remain i R=0.06=.8.7781 51 


Wherefore, as 1/. : 0.061. :: 100 J.: 6]. the Rate re- 
quired. 


Queſt, IV. In what time will 2501. Yearly-Rent, 
raiſe a Stock of 2065 J. allowing 6 /. per Cent. 
&c. for the Forbearance of cach Payment as 
it becomes due? 


Here U=250, A=2065, R=0.06, f —12 — 
—I==32,3J=x; to find T, per Theor, IV. 


the Logarithm of.. . U=250==2.397940 
Add} the Logarithm of, . . . R=0.06=.8.778151 


The 


7 years, will amount to 2065/. allowing 


which ſubſ. from the Log. of 2A=4130=3.615950 


The Sum is the Logarithm of RU=15=1.176091 


there remains 4 80 2275, 322.4398 59 

I 
Aa the Logarithmof..... X==232,J=1.509658 | 
Add the Logarithm of.. . =. 0832.907594 


The Sum is the Log. of 7 =261,3605=2.417252 
A | 
to whichadd...:.. 9 2275-3333 


4 
, 2A Xx | 
the Sum is.. NU + 7 =536;6938=2.729724 1 
Half that Log. 7 L 
* Fog 5 5 70 ＋ 223, 1668 =. 364862 


from which deduct .. . 16, 1668 


there will remain 2 + 7 Tf, the 
Number of Years required, 


3. Of the PRESENT WoRTH of Annvitizs; 


Pensions, c. 


Here U, P, R, T, are uſed to denote the Annuity, X 
preſent Worth, Ratio of the Rate of Intereſt, and 


Time, as in the former Articles ; here alſo let 1 WI 


z —I=x; then the Theorems for Operation are 


as follows ; 


Theor, I. W  ,U=P= Preſent Worth, 


| Her 
Theor, II. IK RTT x2P—=U,=Annuity, S. 


'T heor. 
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Chap. V. 
Theor. III. I =R=, Ratio of the Rate. 


Theor. W. R + 7 ET, = the Time. 


Queſt, I. What is the preſent Worth of 751. Yearly 
Rent, to continue 9 Years, at 6 per Cent. 
PRE | | | 
Here U=75, T=9, R=9,06, to find P, per 
Theor. I. 
Ad a, the Logarithm of ...... T=9=0.954242 
| the Logarithm of . . . . R=0.06=.8.778151 


The Sum is the Log. of.. . TR=,54=.9.732393 
Alſo the Logarithm of . . TTR=4,86=0,686635 


— ß cc... TR, 
there remains. . TTR—TR=4. 32 


to which adi 2T=18. 


The Sum is TTR—TR-2T=22, 32=1.348694 
the Logarithm of . . . 2TR+2=3.08=0.48855;1 


the Difference is O. 860143 

To which add the Log. of . . . U=75=1.87 5061 
The Sum is the Logarithm of 

| HEE x U = i = 543,506 =2.7 35204 


Wherefore the preſent Worth is 5431. 105. 14.3. 


are Queſt. II. What Annuity, Penſion, &c. may be 
| purchaſed for 5437. 105. 1 d. 2, to continue 
Years, allowing to the Purchaſer 6 per Cent. 

rth, per An, ſimple Intereſt ? 


| Here P=54.3,506 ; T=9; R=0,06; to find U, pc; 
Sc. | Theor. II. 


"heor From 


T36 Simple Intereſt 
From the Log. of TR-+1=1,54=0.18752r 


ſubduct the 
Log. of 5 TTR—TR+2T=22.32=1.348694 


to the Difference....... 8.83 8827 
add the Logarithm of 2P=1087,012=3.036234 


— — 


The Sum is the Logarithm of 
TR-+-1 | 
TTECTREzr Xx 2ÞP = U = 75 =1.875061 


That is, 75. per Annum, is the Annuity, Sc. ſought. 


Queſt, III. If 5437. 106. 1d. ready Money, wil 
purchaſe an Annuity, Leaſe, Cc. of 751, 
Annum, to continue 9 Years z Quære the 

Rate of Intereſt per Cent. &c. ? 


Here P=543,506; U=753 T=9 3 £0 find R, Per 
Theor. III. | 


From the Log. of 2P—2TU=262,988=2.419936 
10g ff TTU—TU—2PT=4383,108=3.64178: 


—̃ä—— — — 


the Difference is the Log. of R=0.06=.8.778154 


Wherefore, as 11. : o, 06 J. :: 100 J.; 61. the Rate 
required. 


Queſt. IV. If for 5437. 105. 1d. I purchaſe an An- 
nuity, Penſion, Cc. of 761. per Annum; 
ure, how long I may enjoy it, at the Rate 

of 6 per Cent. &c. Intereſt ! 


Here P=543,506, U=75, R=0,06 ; to find T, tr 
Theor. IV. TAR 

From the Log. of.. 2P=1087,012=3.036234 

ſubduct the Log. off.. U=7;==1.87 5001 


the Diff. is the Log. of - =14,493=1.191173 
| Which 
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which ſubſtract from. 1 —1 232, 333 


— —— 


_ 


, 2 2P 
there remains T 7 —I=x=17.840==1.251395 
| add the Log. 45 . . . 38==4.406=0.649335 


the Sum is the Log. of. ixx=79,5664=1.9007 30 
to which . 1 2241,58 


— — 


the Sum is = + T ==321,1244==2.506659 
[ half which "7 WA 2P * * 


5 the Log. of 
ſubſtrat..... . ix==8,92 


there remains * 10 + * —ix=T =8,999z=9, 
the Years ſought. 


6. If the Queſtion be of Annuities, c. in Reverſion, 
you muſt find the Amount of the Purchaſe- Money to 
the time of Commencement (together with its Intereſt) 
by Queſt. I. Art. 3. and make that Amount the Sum 
for the Purchaſe z and then proceed as in the Que- 
ſtions of this laſt Article. Theſe are all the funda- 
mental or original Caſes of /imple Intereſt. 


or 
F; *» 
6234 
5obl 
1171 | T CHAP. 


Ke + I =17,919=1.253329 
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SC OSS OO SOOT LOGO DOS SOLS OST OAVSSS 


| CHAP. VI. 
ComMPouNnD INTEREST by LoGARITHMsõ. 


. H E farmer Queſtions of ſimple Intereſt might 
be reſolved by the Rules of vulgar Arith- 
metic; and I have only there ſhewn, they may alſo 
be (and that in many Cafes, vet conveniently) wrought 
by Logarithms, But in the preſent Affair of compound 
Iulereſt, the Uſe of Logarithms is ab/olutely neceſſary; 
no other Method of the Solution of Queſtions in 
compound Intereſt being equal to it in Extent and 
Perfection. And confequently the young Student in 
Armhmetic is nnder an indifpenfibk Obligation to be 
acquainted with this moſt excellent and uſeful Branch 
of the Science. 7 | 
2. I thall here alſo proceed according to the Theo. 
rems of Mei M ard; and therefore 


c P=the Principal put to Inter}. 
"t=the Time'of its Continuance. 
Put“ A=the Amount of the Princital and Interej, 
RK the Amount of 17. and its Intereſt for ore 
Year, at any given Rate. 
Note, you find q 100: 106:: 1: 1,06 R, at 6 per C. 
R thus, e 105 :: 1: 1,6 R, at 5 per C. 
The Amounts of wal . 2, 3. 4 5 Ge. Years. 
in ſeveral Years I R. R. R R. R, c. Am. of.. 


Therefore R: the Amount of 11. in the Time t for 
the Rate agreed on; this being premiſed, the Theo- 
rems for Compound Iutereſt are as follow. 


3. Theor, I. PR = AS the Amount, 


* 


Theo. 


<4 


het, 
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Theor. II. 10 =P the Principal. 


. the Time. 
Theor. III. 5 R = the Amount of 11. 


By theſe Theorems the ſeveral Queſtions of Com- 
pound Intereſt are anſwered moſt expeditiouſly by 
the Logarithws in the Manner following. 


4. Queſt. I. What will 2757. 15s. amount to in 
34 Years, at 4+/. per Cent. per Annum, Com- 
pound Intereſt ? 

Here P=275,75 3 R=1,045; t=3,5 ; to find A, 
per Theor. I. 


The Logarithm WE ion - R=1,045=0.0191 16 
multiply by the Time t= 3:5 


The Prod. is the Log. of R'=1,1665=0.066906 
To which add the Log. of P=275,75=2.440515 


TheSum is the Log. of PR:=A=32 1,68=2. 50742 l 


So the Amount ſought is 32117. 135. 7d. which is 
more than the Amount by fimple Intereſt by 2 /. 105. 
See Queſt. I. Art. 3. of the foregoing Chapter, 


Queſt. II. What Principal or Sum being put to Uſe 
at 4xl, per Cent. Compound Intereſt, will - 
amount to 3211. 135. 74. in 35 Years? 

Here A—321,68; R=1,045; t=3,;5 3 to find P, 

per Theor. II. | 
From the Logarithm of A=—321,68=2.507421 
Subduct the Logarithm of R'=1.196;5==0.000900 


The Diff. is the Log. Of K. =—=P==2 7.55752. 440515 
therefore the Principal ſought is 2751. 155, 


1.2 Queſt. 


140 Compound Intereſt 


Queft. III. At what rate per Cent. &c. Compound 
Intereſt, will 2751. 155. raiſe a Stock, or a. 
mount to 3211. 135. 7d. in 31 Years? 

Here A=321,68 5 P2735, 753 t=3.5; to find R, 

per Theor. III. ; 
From the Logarithm of A=321,68=2.507421 
Subſtract the Log. of.. P=275,75=2.44051; 


The Difference is the Log. of R 0.066906 
which divide by the Time t=3,5 
The Product is the Log. of R=1.045=0,019116 


Then as 1: 0,045 :: 100: 4, 5 441. per Cent. the 
Rate required. | 


Queſt. IV. In what Time will 275. 155. raiſe a Stock 


of 3211. 135. 74. at the rate of 431. per Cent, 
Compound Intereſt ? 


Here P=275,75; A=321,68; R=1.,045 ; to find 
t, per Theor. IV. 


From the . of . . A=321,68=2.507 421 
Subduct the Logarithm of P=275,75=2.440515 
The Diff. is the Log. of... Rt=1,045'=0.66906 


Thenthe Log. of 1.045=0.019116)0.066906(3, ;=t, 
| : 57.348 


„ «= + 
& T:a*S.v 


Thus the Anſwer is 3 Years and 6 Months. 


Note, As the Amount of any Sum and its Intereſt is 
2 at Compound Intereſt than at Simple Inter} 
or any Time above a Year; ſo it is 4% at Con 

| A P9uns 
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pound than Simple Intereſt for any Time leſs than a 
Year, as the Learner may eafily prove by the 
Theorems beforegoing. 


5. Of AnwuiTizs, Sc. in ARREARS. 


Theor. I. 1 = A the Amount of any Sum. 
: Theor, II. N = U = the Annuity, Penfion, 
&c. 

„ Theor 0. N. = the Time 

I 

e Theor. IV. Fo = R R= the Amount 


of 11. 


6. Queſt, I. If 30 J. yearly Rent be forborn 9 Years, 
what will it amount to at 5/. per Cent. &c. 


To which add the Log. of .  . U=z30=1.477121 


The Sum is the Log. of UR*t=4 4 after. 57822 
Subdu& .... U=30 


There remains. UR'—"U=15,48=1.189771 
Subſtract the Log. of R—1=0.0;=.8.698970 


MW The Diff. is they URt'—U 
ad Log. of A= 309, 62.490807 


Con- The Amount therefore is 309 J. 12 5. for Anſwer. 
pour: ih Queſt. 


Compound Intereſt ? 
Here U=30, t=9, REI, og; to find A; per 
heor. I. 
The Logarithm of .... R=1,05=0,021189 
multiply by the Inden. 9 
The Product is R=. 516. 180701 


— 
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Queſt, II. What Annuity, Sc. will raiſe a Stock (ot 


amount to) 309 l. 125. being forborn or un. 
paid 9 Years, at 51. per Cent. &c. Compound 
Intereſt ? 
Here A=309,6; tæg; R=1,05 ; to find U, per 
Theor. II. 
the Logarithm of . . . . A=309,6=2.490801 
Add} the Logarithm * R=1,05=0.021189 


The Sum is the Log. of.. AR=325,08=2.51 1990 


Therefore the Log. of 2 5,481. 189791 
Subduct the Log. of —I1=O0. 516 T. 9. 712650 


The Diff. is a iT = = U = 30=1.477121 


Log. of R—1 
That is 30 J. per Annum 5 the Annuity ſought, 


Queſt. III. In what time will 30 J. per Annum a. 
mount to 3o9/. 125. at 51. per Cent. Com- 


pound Intereſt ? 
Here U=30; A=309,6; R=1,05 3 tofind t, per 
Theor. III. 


Add} the Loga rithm of + A390 490801 
the Logarithm of.. . R=1,05=0.021189 


The Sum is the Log, of AR=325,08=2.511990 


— — — 


Subſtract A—U=279,6 
There remains r 1.657822 
Subſtract the Log. of UE 301. 477121 


T he Diff. is the Log. of... | ma ,05'=0.180701 


Then the Log. of 1,030. 02=1 189)0.180701(g=t. 
180701 


Anſwer, 9 Years, == 
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Queſt. IV. At what Rate per Cent, Compound In- 


tereſt will 30 J. Yearly Rent amount to 
3091. 125. in 9 Years? 
Here U==30z Ago, 6; t=9; to find R, per 
T heor. IV. 


From the Log. of .  . A—U=279,6=2.4465 37 
Subduct the Logarithm of . . . Uz30=1.477121 


The Diff. is the Log. of —— =, 322. 969416 


Again from the Log. of . . . A=309,6=2.490801 
Subſtract the Logarithm of.. U=3o=1.477121 


— 


The Diff. is the Log. of 4 =T0, 32=1 .013680 


Therefore the ſaid Theorem IV. is reduced to this 
Equation, viz. 9.32=10,32R—R?, Now this E- 
quation may be eafily reſolv*d by a converging Series; 
or {till eaſier by the Tables of the Amount of 11. 
for ſeveral Years ſucceſſively ; for therein Ro, or the 
Amount of 11]. in 9 Years may be tried for the ſeve- 
ral Rates per Cent. in the Tables. For inſtance, ſup- 
poſe I pitch upon the Table at 57. per Cent. Com- 
pound Intereſt, then I find R=1.551328, Sc. 
Wherefore 9.32 ＋ 1.35 1328 210.8713280. 32 R; 
therefore 10.32) 10.87 1328 (=1,05, Now fince 
11.:0,051. :: 100 J.: 5. the very Rate per Cent. aſ- 
ſumed in the Tables, it will follow, that is the true 
Rate ſought. 

Note, This Queſtion may be reſolved by the Rule 
of falſe Poſition z which 1 leave to the Learner's 
Exerciſe. | | 


7. 
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7. Of the Pazstent WorTH of AnNuiT1Es, 
SIE Sc. at Compound Intereſt. 


Here P denotes the preſent Warth of any Annuity, 
' Leaſe, Sc. and the reſt of the Letters as before, 
Art. 6. Then the Theorems are as follows. 
8 EY 


Um FS 
Theor. I. = =P = the preſent Worth. 


PRRt—PR* E 
Theor, II. = = U the Annuity, &c. 


Theor. II. EUA = R. the Time. | 


Theor. IV. P = 5 R. TRR the Value 
of R. | 
Queſt, I. What is 30/. per Aunum to continue g Years, 
worth in ready Money, abating 51. per Cent. 
_ &c. Compound Intereſt to the Purchaſer? 
Here U=30o, tg; R=1,05; to find P, per 
Theor. I. | | 


The Logarithm of R=1,05=0.021189 
Multiply by the Time.... + 9 


The Prod. is the Log. of R*=1.516=0.180701 
which ſubſtract from the Log. of U=30=1.477121 


The Diff. is the Log. of = 219,788 21.296420 
which take from U==30 


. U 
there remains... U— R. =10.212 =1,009111 
Subduct the Log. of.. R—1=0.0;=.8.698970 


The Diff. is the Log. of P=204,24=2.310141 
The preſent Worth is 2041. 45. 94.3, the Anſwer. 
Queſt. 
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Queſt. II. What Annuity, Sc. to continue 9 Years 
may one purchaſe for 2047. 45. d. abating 
51. per Cent. &c. to the Purchaſer ? 
| Here P=204,24; tg; RI, og; to find U, per 
| Theor. II. 


the Logarithm of . . Rl. 516—0.18070t 
aaa e Logarithm of.. RSI, og o. o21189 
the Logarithm of , . PS S204, 2422.310141 


The Sum is the Log. of PRR'i=325,1 I=2.512031 
Then from.  PRR'=3251,10 
K  PR'==309.628 


there remains PRR'—PR'=15,482=t.189799 
Subduct the Log. of R'—1=0.516 = .9.712650 


The Diff. is the Log. of.. U=30=1.477149 
Therefote the Annuity fought is 3ol. per Annum. 


Queſt, III. What time may one enjoy an Annuity, 
Sc. of gol. per Annum, for 2041. 45. 94+. 
ready Money, abating to the Putchaler 31. 
per Cent. &c.? | 


Here P=204,24; U=3o; R=1.05 ; to find t, 

per Theor III. 
Add 5 Logarithm of . . P==204,24=2.310141 
the Logarithm of.. . R=1,05=0.021189 


The Sum is the Log. of PR=214,452==2.331330 
Tha Fa:U==2 34.24 ” : 


The Diff. . P+U—PR=19.788=1.296402 
which ſubſtract from the Log. of Uz30=1.477121 


er. The Diff. is the Log. of R'=1,05'=1,516=0.180719 
teſt. U Then 
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Then the Log. of 1,05=0,021189)o. 180719(=9g=t, 


180701 


Anſwer, 9 Years. ” Tn 18 


"Queſt. IV. Suppoſe an Annuity, &c. of 307. per 


Annum, to continue 9 Years, be fold for 
2041. 45. 9d f. ready Money, what rate of 
Intereſt hath the Purchaſer allow'd per Cent. 
&c. for his Money? 


Here P=204,24 ; U=30; t=9 ; to find R, per 
Theor. IV. 


From the Log. of the Annuity U= 30=1.477 121 
Subduct the Log. of.. . P=204,24=2.310141 


The Diff. is the Log. of 7 O. 14679 =. 9. 166980 


Then the ſaid Theor. IV. is reduced to this Equa- 
tion, vi. o. 14679 0. 146 RRR“; which 
is to be ſolv'd by the Method of Infinite Series. But for 
thoſe who underſtand not that Method, this Queſtion 
is much better anſwer'd by the Rule of Falſt; or yet 
eaſier by the Tables of Compound Intereſt. Sce 2 
compleat Set, with their Uſes, in my Syſtem of Deci- 
mal Arithmetic, publiſhed for Mr, Noon, at the White 


Hart, in Cheapfide, London. 


8, - Of Purchaſing FREEnoLD ESTATES. 


Eſtates in Fee Simple (which are ſuch as we com- 
monly call Freehold or Real Eſtates) being pur- 
chaſed fer ever, or without Reverſion; *tis plain, 
that in the foregoing Theorems for finding the pre- 
ſent Worth of Annuities, &c. if thoſe Terms 
wherein t (= the Time) 1s found, be made to va- 


niſh, as being Inſinite; the faid Theorems will be 
reduced 


Chap. VI. 


reduced to ſuch as ſuit the preſent Caſe, and are 
as follows. : 


Theor. I, 1 P, the Preſent Worth, or Purchaſe- 
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Money. 

Theor. II. PR—P=U, the Annuity, or Eftate per 
Annum, 

Theor. III. 22 R, the Amount of 1/7. at the 


E 
given Rate, 


Queſtion. What muſt be given for a Freehold Eſtate 
of 50/7. per Annum, allowing the Buyer 6/7, 

per Cent. Compound Intereſt for his Money ? 

Here U=50; R=—1,06 ; to find P, per Theor. I. 


The Logarithm of U=50=1.698970 
f Subduct the Log. of R 1 =, 06.8.7781 51 


The Purchaſe-Money, then, is 8331. 65. 8 d. If 
it had been at the Rate of 5 J. per Cent. Compound 
Intereſt, the ſaid Eſtate would be worth 1000 J. pre- 
ſent Money; which is equal to twenty times the 
Yearly Rent : and therefore the general Method of 
buying Freehold Eſtates, is by paying 20 or 25 times 
the Yearly Rent; which is commonly called 20 or 
25 Years Purchaſe. 

The other two Theorems are wrought in the ſame 
Manner for U and R; which, being fo very eaſy, 
need no Example, | 


& 
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n The Diff. is the Log. of = —P=833,3=2.920819 
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Vulgar Fractions 
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CHAP. VI. 
Of VULGAR FRACTIONS by LOGARITHMS, 


O find the Logarithm of a Vulgar Frafion, 
this is the 


From the Logarithm of the Numerator 
Wt the Logarithm of the Denominator, 
the Remainder is the Log. of the Fraction, 


Example I. What is the Log. of the Fraction *' ? 


From the Logarithm of . 51==1.707570 
Subſtract the Logarithm of 73=1,863323 


there remains the Log. of o. 69862 2. 9.84424) 


Exam. II. What is the aan of e 


From the Logarithm of. I==0.000000 
Subſtract the Logaritam af. . 17862 3.244524 


Exam. III. What is the Logarithm of ==> ? 


1357 
From the Logarithm of.. 100 22. oooOO⁰ 
Take the Logarithm of. 13357. 3. 132580 


there remains the Log of , oy3692 =. 8.807420 


1337 


Exam. IV. What is the e of ss 
Tie 
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The Logarithm off 5973 3.776192 
From which take the Log. of toc0000=6,000000 


there rem. the Log. of ;222-=,005973=.7.776192 


2. If the Fraction be a mix*d oze, it muſt be re- 


duced to an improper Fraction; and then proceed 
with it as before. 


Example I. What is the Logarithm of 134 ? 
Here 131222 


Therefore from the Logarithm of 96=1.982271 
take the Logarithm of 7.845098 


rem. II. What is the Logarithm of 193%? 


Here 195F== 


Then from the Logarithm of 14140=4.150449 
take the Logarithm of. 73=1.863323 


there gem. the Log. of 19 3H=193,69862=2.287126 


3. If the mix'd Fraction conſiſts of large Num. 
bers, 1t may be moſt eafily reduc'd by Logarithms, 
thus; ſuppoſing the Example be 2145; ; 


To the Log. of the Integral Part 2145=3.3 31427 
Add the Log. of the Denominator 589=2.770115 


The Sum is the Log. of.. 1263405=6.101 542 
to which add the Numerator . . 57 


the Fract. 
ſought. 


(the new Num. 1263462 
Then you have ö "Roe 
| the Denomin, 57 


4. 


there remains the Log. of 137 3.7141. 137 173 


— — — — 


— — 
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4. To multiply Vulgar Fractions by Logarithms, 
add the Logarithms of the Numerators for the Lo. 
garithm of a new Numerator ; and the Logarithms of 
the Denominators for the Logarithm of a new De- 
naminator. 


Example. What is the Product of n into ? 


Add the Log. of the Numerators 12 


The Log. of the new Numerator 245=2.389 166 


Add the Logs. of the Denominat*. | 17 1 


—ñꝝ !. —— 


The Log. of the new Denomin. Ss 557 3.192288 


Therefore = x = =, the fractional Product 
required. 


5. The Logarithm of the Product of ſeveral Frac- 
tions multiplied into one another is thus obtain'd ; 
iz, Add the Logarithms of all the Numerators and 
the Aritbmetical Complements of the Logarithms of 
all the Denominators together; the Sum is the Loga- 
rithm required. | 


Example. What is the Logarithm of >= x 55 x 7 ? 


87==1.939519 

| the Logarithms of 33=1.518514 

Add to- 3200.477121 
gether the Arith. Comp. of the N 25 

— Logarithms of 3 


8 512 


The Log. of 22 X = x+= 3123 7 =,27639=.9.441 526 
| 6. 
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6. To divide Vulgar Fractions by Logarithms, 
do thus; Add the Logarithm of the Denominator of 
the Diviſor to the Logarithm of the Numerater of 
the Dividend ; the Sum 1s the Logarithm of a new 
Numerator; and the Sum of the Logarithms of the 
other 12wo Factors, is the Logarithm of the new De- 
nominator of the Quotient required. 


Example. Divide + by 8. 


1557 


J . 9==0.954242 
Add the Logarithms of | 5 3.4.06 245==2.389166 
: Ttg Log. of the new Numerator 2205==3. 34 3408 
2 : 7==0.84 5098 
, Add the Logarithms of} *** 1557=3.192288 
a WW The Log. of the new Denom. 10899==4.037 386 
Therefore $) = ==. See Art. 4. 
H 7. The Logarithm of this Quotient may be found 
4 by one Addition, in like manneras directed in Art. 5. 
of thus; 5 
Ja- 9 0.954242 
2 Add to- the Logarithm of | 245=2.389166 
gether } the Arith. Comp. of ſ 7.9. 154902 
the Logarithms of 1 1557=.6.807712 


19 The Log. of. . 3)2=(=3£ =,20231=.9.306022 


$8. The Extraction of the Roots of Vulgar Frac- 
tions by Logarithms is thus performed. Divide the 
ogarithm both of the Numerator and Denominator 
df the given Fraction by the Index of the Root; the 
Votients ſhall be the Logarithms of the Namerator 
nd Denominater of the Fractional Root required. 


Examp. 


I 52 Putzar Fraetions 


Examp. 1. What is the Square Root of the F ration 


184 
10101 


Divide the Logakithm of e 37 
by the Index of the Root. 


The Log. is the Num. of the Root 43-1. 8805 


Again, divide the Log. of. . . 1020t=4.008643 
BY. + + © ” | 2 


The Log. of the Detiom. of the Root 101=2 004321 
Therefore / =; the Root required. 


10201 


Example II. What is the Cube Root of 86727 


3 43 


This reduced to an improper Fraction, is == ; 


| | Therefore the Logarithm of 29791=4.47408; 


3 thereof is the Log. of the new Num. 31=1.49136: WM Tt 


Again, the Logarithm of. c 343=2.535294 
3 of which is the Log. of the new Denom.7=0.8 45098 


Conſequently v $697 86222 = == 4}, the Cube Root 
fought. 


9. To find the Logarithm of the Root of any Fra- D 
tion; add the Logarithm of the Numerator to the 
Arithmetical Complement of the Logarithm of the 
Denominator, and divide that Sum by the Index of 
the Root ; the —_— ſhall be the Logarithm 
ſought. 


Example I. What is the Logarithm of the Squar 
Noot of the Fraction 22 ? 


£0208 


The 
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The Log. of the Numerator . . . 1849=3.266937 
n Comp. Arith. of the Log. ? 


of the Denom. 10201. 5.921357 
Y The Sum is 9.258284 
* which divide by the Index of the Root 2 
8 . - — 
- t. "T1849 42 | 
5 1 of $ Visi e, 42574 = 9.629147 
{3 


Exam. IT. What is the Logarithm of the Cube Root 
of the mix'd Fraction 862, or its equal 


| +43 
297913 
$93 


the Logarithm of... . 929791=4.474085 
Add} the Ar, Com. of the Log. of 343=.7.404706 


The Sum is the Log. of.. 6821.938791 


342 


which divide by the Index of the Root . 3 


8 Kees 
6 . $ | 

62 yo 2 N. V f= 4.4283 . 646263 

294 | 

099 


Loot 


'ra- WW DuoDbECIMAL ARITHMETIC performed by 
, 5 LoGARITHMS. 

the 

ex of N O INE this kind of Arithmetic is ſo very com- 
ithm mon, and yet in the common Way fo very dif- 


ficult ; I hope *twill not be unacceptable to the young 
Artificer to be convinced with how much more Eaſe 

quart and Pleaſure he may compute his Dimenſions in this 
Way by the help of Logarithms. And as it is pro- 
per to reduce them firſt to Decimals, I have here ſub- 

The X joined 
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joined a Table ſhewing by Inſpection the Decimal 
Parts of a Foot (in this Caſe the Integer) anſwering 
to any Number of Primes, Seconds, and Thirds; 
which are the Parts or Diviſions of a Foot made ufc 


of in this kind of Menſuration. 
2, The Duodecimal Table. 


Duode- 


cimals.Primes 


Decimal Parts. | 
Seconds" Thirds“ 


006944 
013888 


020833 
027777 


6.034722 


„041666 
„048611 
„085555 


„000578 
5001137 
„001736 
5002314 
„002893 
„003472 
5004051 
004629 


rer 
> 
— 
S 
O 


0625 , 005208 
10%, 8333 33,069 444.0095787 
95666076388, 06365 
3. The foregoing Table is too eaſy to need De- 
ſcription, I mean for any Perſon concern'd in Du. 
decimal Menſuration ; and therefore I ſhall proceed 
to exemplify and illuſtrate the Operations this Way 
by Logarithms in all the Rules of Multiplicaticn, 
Diviſion, Involution, and Extraction of Roots. 


E 
A 


4. Muliplication of DuoptciMaALs by Loca- ER 
| RITHMS. 
Examp. I. Suppoſe a Plane be gf 10“ in Length, and 
; 87 8'in Breadth; Quære the Content or Arta 


/ Ad 
i1{ the Log. . . of gf. 10. 29.833320. 99270 
Add] the Log. of.. 8“. 8'.==8.6666=0.93784 
The Sum is the Log. of. 85,722=1.93055 7 


Thatis, 85,222 Feet, 85. 2. 8”. the Area required 
Examp 
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8 Examp. IT. What is the Product of 401. . 10” by 
1 1 


the L. of 40t. 9“. 100. 40.8 1941.610866 
Add} the Log. of 11', 9“, 97916. 9.9908 54 


The Sum is the Log. of . . . . 39,969=1.601720 


Therefore 39,969==39f. 11. 7”. 6%. the Product, 
or Area required. 


Examp. III. What is 175 Feet oo. 04”. by 8”? 


the L. of 1757. O. 4.173.027 22.243107 
Add} the Log. of 8½. , 04629 . 7.665487 


The Sum is the Log. of.. „87111 . 9.90894 
Therefore o, 8 1111 0. 9. 8”, 9% = the Area 
ſought. 
Examp. IV. What is 177. 9. 2”. 6” by 67? 


the L. of 177. O. 2. 6/17, 76736 = 1.247417 
A} the . 62 0.778151 


The Sum is the Log. of . . 106, 604 16 22.023568 
Thus 106.604 16 1060. 7“ 3". the Area ſought. 


r = 2 - N 
r 5 2 0 . y 2 
— — — wy pany — * — — 33 — — — 2 


Examp. V. What Number of ſolid Feet is in a Cellar 
21f, 2. long, 11s. 10'. 8”. broad, and 7, 3“ 
deep ? 
the Log. off. 21f. 2/=21,1666=1.325659 

Ada the Log. of 11f. 10. 8'=11,888= 1.074109 
the Log. of 7, 391 =7,25=0.860338 


— — 


The Sum is the Log. of.. . 1820, 1923.260106 


» 
— _— * Ws" 2 was — . 

1 ee od e>—ce —äĩ—ĩ— - — — 
— — _ — — Ln » — ES —— — 


0553 an | 
25 Therefore 18 20, 191820. 2“. 3", 4% the Solidicy i 
a amp required, | 
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5, Drv1s1on of DuopeciMALs by LocaRiThyys, 


= 


Examp. I. What is 8 ff. 2'. 8, divide by 8, 8“? 


The Log. of . . . . 85. 2, 8",=85,22=1.930553 
| Subduct the Log. of 81. 8' =8,666=0.937849 


The Diff. is the Log. of.. 9.873 3. 992704 
So that 9.833320. 100, the Anſwer, 


Examp. II. What is 9“. 8”. 9%. divided by 8“? 1 


From the Log. of 9. 8”. 9%. x1 11. 9. 908 504 
Subſtract the Log. of 8 R, 04629. 7. 666487 F 


The Diff. is the Log. of . . . 173,027 2. 24310 
Therefore the Anſwer is 175,027=17 5x. Ol. 4'. 


Examp. III. Divide 39f. 11, 7. 6, by 40f. 9, 10, 


1 = .. 39%. 11. /. 6% 839.9687 1.601720 


- Subd. the Log. of 40f. 9“. 104.8 1941.610866 ſo 


The Diff. is the Log... of o, 97916. 9.99085 MW 7: 
But ,97916=11', 9" the Quotient required. 


Examp. IV. Divide 1061. /. 3“. by 6. 

From the L. of 106f. 7'. 3%.=106,60416=2.205563 1 
Subſtract the Log. of 6=0.878151 | 
The Diff. is the Log. of 17,76736=1.247417 


Thus 17,767 36=17f, 9“. 2% 6, the Quotient Th 
ſought, 


Ex 
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6. I NvoLUTION of DUoDECIMALS by LoGa- 
RITHMS, 


Examp. I. What is the Area of that Square whoſe 
Side is 121. gf, „/. 10%? 


The Log. of 12f. 9' /. 10%. 2. 8043921. 107339 
Multiply by. 4 


The Product is the Log. of 163.9 $2 4=2.2 147 18 
Therefore 163.9524 163f. 11“. 5". 1". the Ares 
required. 


Examp. II. What is the Solidity of a Cube whoſe 
mages 27, 27, of. 11"? 


The Log. of 1f, 2. 9“. 11½. 1,2335 32.091854 


which multiply b 3 
ö. The Product is the Log. of 1,8774=0.27 3 562 
20 Therefore 1,8774=1f. 100. 6”. 4%. the Solidity 
ſought. : 
66 
55 7. EXTRACTION of RooTs of DuopECTIMALS 


by LoGaARiTHMS, 
Examp. I. What is the Side of that Szugre whoſe 
Area 1s 163f. 117. . 1? 


The L. of 163. 11“. /. 1'”,=163.9524=2.214718 
Divide by 2 g 


— — 


The Quotient is the Log. of 12.804390 21. 10733 
Thus 12,804 39=12f. 9“. 7”. 10%. the Side ſought. 


Examp. II. What is the Side of that Cube, whoſe 
0 Solidity is 11. 100. 6", 4? 


The 
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The Log. of 1. 100. 6”. 4%. I. 8774. 273562 
Divide by 3 


The Quotient is the Log. of 1.23553=0.091 $54 


But 1,23553=1f. 2/, 9“. 11, the Side of the Cube 
required, 


Theſe few Examples abundantly ſhew with how 
much more Eaſe, Breviiy and Expedition the Opera- 
tions of Duodecimals are performed by Logarithms, 
than by the ordinary Method. 


HA. 


The OPERATION of the common RULEs of A- 
RITHMETIC by INSTRUMENTS; viz. tht 
LoGARITHMIC SCALE ; and GUNTER' 
LINE, with the CoMPaAssEs, and on tht 
SLIDING-RULE. 


1. Aving in the Theory ſhewn the Nature and 

Conſtruftion of the Logarithmic Scale, and 
Gunter's Line; I ſhall here briefly exemplify their 
' Uſes in the Operation of the common Rules of A- 
rithmetic thereby; and in doing of this I ſhall ob- 
ſerve this Method ; firſt, to give the Operation by 
Legarithms in Numbers. Secondly, to perform the 
ſame by the Logarithmic Scale, Thirdiy, to work 
the ſame Cafe on the Gunter with the Compaſſes ; and 
fourthly, to do the ſame thing on the S/iding-Gunter. 
In this Method, the Analogy or Agreement between 
the Numerical and Injirumental Operations will more 
eaſiiy appear; and the Nature and Reaſon of the 
latter be much better underſtood by young Learners. 


& 


1 
55 
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2. MuLlTiPLICATION. 
Examp. I. Multiply 9 by -7. 
Firſt, by Logarithms. 


the Logarithm WES. 9 . 984242 
Add} the Logarithm of 7.845098 


The Sum is the Log. of the Prod. 2631.99 340 


Secondly, by the Logarithmic Scale. 


(Note. If the ſmalleſt Divifions in the Line AB 
repreſent Numbers, the Logarithms begin from Ce 
ia the Line Ae; if the middle Diviſions in AB be 
Numbers, the Logarithms begin from G ; but if the 
largeſt Diviſions in AB be taken for Numbers, then 
the Logarithms begin from H, in the faid Line Ae. 
And fince the ſmalleſt Diviſions are too ſmall, and the 
largeſt Diviſions too large for Examples, we muſt 
conſequently chuſe the mean Diviſions in AB to re- 
preſent the Numbers 1, 2, 3, 4, Sc. or 10, 20, 30, 
40, Sc. or 100, 200, 300, Cc. and ſo the Loga- 
rithms begin from G. Therefore) Set one Foot of 
the Compaſſes in G, and extend the other to the 
Logarithm of the Multiplier 7p—ag, which you'll 
find to be Ga=845, and fince G b=954 is the Lo- 
garithm of the Multiplicand 9=bh ; therefore with 
the ſame Extent Ga in the Compaſles, ſet one Foot 
in b, the other will fall on d ; therefore Gd is the 


Logarithm of the Product dm—63 in A B, the Num- 
ber ſought. 


4. Thirdly, by the Gunter with Compaſſes. 


Set one Foot of the Compaſſes in the Beginning of 
the Line at 1, and extend the other to 7; with that 
Extent in the Compaſſes ſet one Foot in 9, the other 
will fall on 63, the Product required. | 


Note. 
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The Log. of 1. 10', 6”. 4%. 1. 8774. 273562 
Divide by 3 


The Quotient is the Log. of 1.23553=0.091 $54 


But 1,23553=1f. 2. 9“. 11”, the Side of the Cube 
required, | 


Theſe few Examples abundantly ſhew with how 
much more Eaſe, Brevily and Expedition the Opera- 3 
tions of Duodecimals are performed by Logarithms, 


than by the ordinary Method. re 
in 

OHOGOSSEOS ODOT SOS ILSS HL IELSS ILSS * 
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CHAP. IX. A 

la 


The OPERATION of the common RULEs of A- 
RITHMETIC by INSTRUMENTS; vig. the pre 
LoGARITHMIC SCALE ; and GUNTER' 
LINE, with the CoMPASSEs, and on tht 
SLIDING-RULE. | 


＋ Aving in the Theory ſhewn the Nature and 
Conſtrufttion of the Logarithmic Scale, and 
Gunter's Line; I ſhall here briefly exemplify their 
' Uſes in the Operation of the common Rules of A- 
rithmetic thereby; and in doing of this I ſhall ob- 
ſerve chis Method; firſt, to give the Operation by 
Logarithms in Numbers. Secondly, to perform tie 
ſame by the Logarithmic Scale. Thirdiy, to work 
the ſame Caſe on the Gunter with the Compaſſes ; and 
fourth y, to do the ſame thing on the Sliding-Gunter. 
In this Method, the Analogy or Agreement between 
the Numerical and Injirumental Operations will more 
eaſily appear; and the Nature and Reaſon of the 
latter be much better underſtood by young Learners. 


a | 
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2, MuLlTIiPLICATION. 


Examp. I. Multiply 9 by 7. 
Firſt, by Logarithms. 


the Logarithm 1 9.984242 
Add} the Logarithm o 7.845098 


The Sum is the Log. of the Prod. =63=1.799 340 


Secondly, by the Logarithmic Scale, 


(Note. If the ſmalleſt Divifions in the Line AB 
repreſent Numbers, the Logarithms begin from Ce 
in the Line Ae; if the middle Diviſions in AB be 
Numbers, the Logarithms begin from G; but if the 
largeſt Diviſions in AB be taken for Numbers, then 
the Logarithms begin from H, in the ſaid Line Ae. 
And fince the ſmalleſt Diviſions are too ſmall, and the 
largeſt Diviſions too large for Examples, we muſt 
conſequently chuſe the mean Diviſions in AB to re- 
preſent the Numbers 1, 2, 3, 4, &c. or 10, 20, 30, 
40, Sc. or 100, 200, 300, Cc. and ſo the Loga- 
rithms begin from G. Therefore) Set one Foot of 
the Compaſſes in G, and extend the other to the 
Logarithm of the Multiplier 7p—ag, which you'll 
find to be Ga=845, and ſince G b=954 is the Lo- 
garithm of the Multiplicand 9=bh ; therefore with 
the ſame Extent Ga in the Compaſles, ſet one Foot 
in b, the other will fall on d; therefore Gd is the 


Logarithm of the Product dm) in A B, the Num- 
ber ſought. 


4 Thirdly, by the Gunter with Compaſſes. 


Set one Foot of the Compaſles in the Beginning of 
the Line at 1, and extend the other to 7 ; with that 
Extent in the Compaſſes ſet one Foot in 9, the other 


will fall on 63, the Product required. 
| Note. 
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Note. When the Numbers are ſmall the larger Di- 
viſions may be uſed, as in the preſent Caſe; but if 
the Numbers be large, the leſſer Diviſions muſt be 
uſed. 


G. Fourthly, by the Sliding-Gunter. 


In this Caſe, there is one Line of Numbers on the 
Rule, and another on the Slider, both mark*d with 
N, at the End. And it 1s eaſy to conceive that by 
ſliding one of theſe by the other, the ſame Effects are 
pom as before with the Compaſſes ; that is, any 

art of the Line on the Rule is transfer'd to, or com- 
par'd with any other Part of the ſaid Line by means 
of the ſliding Line. 

Therefore ſet 1 on the Slider to 7 in the Line on 
the Rule; then againſt 9 on the Slider, you find 63 
on the Rule, and that is the Product ſought. 


6. Ef. II. By the Gunter. What is the Product 
of 27 by 18? 


Here the leſſer Diviſions muſt be uſed, and the 
greater ones reckoned 10, 20, 30, Sc. on the frf 
Radius; and conſequently on the ſecond Ratlius they 
will be 100, 200, 300, Sc. if the double Radius be 
uſed, For then it will be 10: 180 :: 27: the Product 
ſought. But ſince 10: 180 ::1 : 18; therefore if you 
make 1:18 ::27: the Product; the /ingle Radius 
will give the Anſwer in the ſame manner ; only re- 
membring that the fourth Number ſought will be of 
the ſame Denomination with the ſecond, which in this 
Caſe is Hundreds. | 

Therefore ſet one Foot of the Compaſſes in the Be- 
ginning of the Line, and extend the other to 18, the 
ſame Extent will reach from 27 to 486, the Product 
ſought. | - 

And by the 6/iding-Rule, thus; ſet 1 on the Slider 


to 18 on the Rule, and then againſt 27 on the Slider 
| yo 


. ͤ 
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you find 436 on the Rule, which is the ſame Product 


ns before. 


7. Examp. III. What is the Product of 257 by 34.7 


Take in your Compaſſes the Diſtance from 1 to 34 
on the Line of Numbers, the ſame Extent will reach 
from 257 to 8738, the Product required. 

By the Sliding-Rule, thus z Set 1 on the Slider to 
24 on the Rule, and againſt 257 on the Slider, you 


ee 8738 on the Rule, which is the Product as 
before. | 


8, Exanip. IV. What is the Product of 215 by 
x08? | 

With the Compaſſes, take the Diftance from 1 to 
108 on the Gunter, the ſame Extent of the Com- 
p_ will reach from 215 to 23220, the Product re- 

uired. 5 | 
. By the Sliding Rule, thus; Set x on the Slider to 
108 on the Rule, and againſt 215 on the Slider you 
find 23220 on the Rule, the Product fought. 

9. When the Product becomes ſo large, it muſt 
be a very large Line of Numbers indeed to ſhew it 
near the Truth; the Uſe of theſe Lines being prin- 
cipally where the Numbers ate ſmall ; or where great 
Exactneſs is not required. They who underſtand 
the foregoing Doctrine of Logarithms can never be 
at any loſs to know how many Places of Figures are 


contained in the Number ſought, in this, or any of 
the following Rules. | 


10. Di VIS IOX. 


Examp. I. What is the Quotient of 63 divided by 9? 


Firſt, by Logarithms, 
* From 


* 
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From the Logarithm of. . . 6381.799340 
Subduct the Logarithm of 9==0.954242 i 1; 


The Diff. is the Log. of the Quot. =7=0.845098 WM Ex 


11. Secondly, by the Logarithmic Scale. 
From Gd=1 799 the N of dm 6g, take l 
Gb=954 the 223 of bh=9 ; and there vil 
remain Ga=845, the Logarithm of a g=j, the Th 
Quotient ſought. 


12, Thirdly, by Gunter*s Line and Compaſſes, 


Set one Foot of the Compaſſes in 1, and extend A 
the other to 9, and then with that Extent of the Dit 
Compaſſes ſet one Foot in 63, the other will fall (w. vit 
wards the beginning of the Line) on 7, the Quotient the 
ſought. (2G 


13. Fourthly, by the Sliding-Rule. ther 


Becauſe 9: 63 :: 1: the Quotient; therefore ſt q 
on the Slider to 63 on the Rule, and then againk 1 


on the Slider is 7 on the Rule, which is the Quotient 
ought. 


14. Examp. II. What i is 486 divided by 18 


By the Gunter and Compaſſes, 


Extend the Compaſſes from f to 18, that Extent 
wall reach from 486 men to 27, the Quotient 
required. 


By the Sliding- Rule. 

Set 18 on the Slider to 486 on the Rule, then : 
gainſt 1 on the Slider you find 27 on the Rule, the 
Quotient ſought. | 
All other Operations of Diviſion being performed" 
in the very ſame manner, *tis needleſs to add an 
more Examples of this kind. 


[ 1 
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2 WM 15. InvoLUuTIoON. 


3 WW Examp. I. What is the Square of 9 ? 
Firſt, by Logarithms. 


The Logarithm of .. . 9=0.954242 
ke Multiply by the Inden. "oY 2 


be The Prod. is the Log. of the Square =81— =1,908484 


16, Secondly, by the Logarithmic Scale. 


Let the Logarithms begin from G in the Line 
Ae, as before; then with the Compaſſes take the 
Diſtance g b=954 the Logarithm of b hg; and 
with one Foot remaining in b, turn the Compaſſes, 
the other Foot will fall on n; then ſhall Gn 
(2Gb==)1908 the Logarithm of n o=81, which 
therefore is the ſquare Number ſought. 


) bY Thirdly, by the Gunter and Compaſſes. 


iet one Foot in 1, and extend the other to g, where 
Kat keep it fix'd, and turn the Compaſſes, the other 
Foot will fall on 8 1, the Square ſought. 


18, 1 by the Sliding- Rule. 


Becauſe 1: 9 :: 9: the Square required, therefore 
ſt 1 on the Slider to 9 on the Rule, then againſt 9g 
on the Slider is 81 on the Rule; which is the Me 
umber ſought. 


19. Examp. II. What is the Cube of 9? 


By the Gunter and Compaſſes, 


Extend the Compaſſes from 1 to 9 that Extent 
jill reach from 9 to 81, and again from 81 to 729, 
e Cube Number required. 


Y 2 By 


2 3 Te 
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By the Sliding-Rule. | 
Set 1 on the Slider to 9 on the Rule, then againſt 
9 on the Slider is 8x on the Rule, and againft 81 on 


the Slider (remaining n is 729 on the Rule, 
the Cube Number required 


20. Examp. III. What is the Square and Cube of 2 
the Number 37 ? 


By the Gunter and. Compaſſes. 


Extend the Compaſſes from 1 to 37, that Extent 
will reach from 37 to 1369 the Square ; and the fame 
Extent will reach from 1 369 to 50653 the Cube; 
both as required. 


By the Sliding-Rule. 
Set 1 on the Slider to 37 on the Rule, then againk ec 
37 on the Slider is 1369 on the Rule, which s MW C 
Square ;, and againſt 1369 on the Slider (remaining 


unmoy'd) is 50653 on the Rule, which is Cube of 
37; both as before. : 


21, ExTRACT10N of Roots. 


Examp. I. What is the Square Root of 81? 


Firſt, by Logarithms. 


The Log arithm of . eee 
which aide by the Index . 2 


The Quotient is the Log. 4. 
of the Square Root 


. 9.954242 


22. Secondly, by the Logarithmic Scale. 


Biſect Gn=1908 the Logarithm of no=81, ind; 
then ſhall Gb=95x4 be the Logarithm of the Squart 
Root, viz. bi=g, the Number ſought. 


23 
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23. Thirdly, by the Gunter and Compaſſes. 
Take with the Compaſſes the Diſtance between 1 
and 8 1, and biſect it; then take one Half in the 
Compaſſes, and it will reach from 3 to 9, the ſquare 
Root ſought. | l | 


24 Fourthly, by the Sliding-Rule. 


Move the Slider forwards and backwards till you 
make the ſame Number on the Rule anſwer 1 on the 
Slider, as on the Slider anſwers 81 on the Rule; 
which Number will be the /quare Root ſought, and 
in the preſent Caſe will be found g. 


25, Examp. II. What is the Cube Root of 5065 z? 


Divide the Diſtance between 1 and 50653 into 3 
equal Parts; the firſt Diviſion will fall on 37, the 
Cube Root required. 

Note, In the double Line of Numbers, if the 
grand Diviſions be eſteem'd Units in the firſt Radius, 
thoſe in the ſecond Radius will be Tens; if thoſe in 
the firſt be Tens, viz. 10, 20, 30, Sc. thoſe of the 
ſecond will be Thouſands, as 1000, 2000, 3000, Ec. 
with regard to /quare Numbers : and conſequently in 
Extraction; if the Number whoſe ſquare Root is 
ſought be leſs than 100, yet greater than 10, the 
Number it ſelf will be found on the ſecond Radius; 
and its Root a Number of Units on the firf Radius. 
But if the Square be leſs than 10, both it ſelf and 
Root will be found in the irt Radius. Again, if 
the ſgunre Number be between 1000 and 10000, the 
Number it ſelf will be found on the ſecond Radius, 
and its Root a Number of Tens on the firſt Radius. 
But if it be between 100 and 1000, both the Num- 
ber and its Root of Tens will be found on the firſt 
Radius. After the fame manner you may reaſon 
concerning the Cube Number and its Root. 


26. 
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26. Since the Logarithm of the Square is double 
the Logarithm of the Root; and the Logarithm of 
the Cube triple the Logarithm of the Root : therefore 
if a Line of Numbers of a fingle Radius, be equal to 
another of a double Radius, and theſe two appoſitely 
laid together, beginning from the ſame Point ; then 
againſt any Number on the ſingle Radius, you fee its 
correſpondent Square on the double Radius; and ſuch 
Lines you have on ſome $8/iding- Rules, 

Alſo if a Line of fingle Radius were made equal to 
another of a triple Radius, and theſe exactly and 
properly placed together, then the Numbers on the 
latter would be the Cubes of thoſe on the former; 
and ſo the Square and Cube Roots of any Number ; 


and vice ver/4, would be diſcoverable by Inſpection. 


27. Morcover by means of a ſingle and double Line 
of Numbers made to ſlide by each other, *tis very 
eaſy to find a mean Proportional between any two 
given Numbers; as ſuppoſe 13 and 23. Thus; ft 
13 on the double Line to 13 on the ſingle one, then 
againſt 23 on the double Line is 17,35 on the ſingle 
ene, which is the Mean required between 13 and 23. 
Qr if you ſet 23 to 23, then againſt 13 on the double 
you find 17,35 on the /ingle Line, the Mean required 
as before. ; 

28. In like manner, by means of a /ingle and a triple 
Line of Numbers, !wo mean Proportionals may be 
eaſily found between any two Numbers, as 2 and 
545 thus; ſet 2 on one Line to 2 on the other, then 
againſt 54 on the triple Line is 6 on the ſingle one, 
which is the firſ} Mean; then ſet 2 on the 7zriple 
Line to 6 on the fingle one, and againſt 54 is 18, the 
ſecond Mean, on the ſingle Line; ſo the four Num- 
bers are 2:6::18: 54. And thus you may find 
co Means between any other two Numbers, which 
in many Cafes is a moſt uſeful Problem. 

29. In the foregoing Operations I have made v9 
mention of Decimals, becauſe they are to be reſpected 
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as Whole Numbers in the Management of them by 
Inftrumental Operations, in the ſame manner as they 
were by Numerical Logaritbms; the Number of de- 
cimdl Places in any Product, Quotient, Power, Root, 
&c. being always determined here, as in all other 
Methods of working them, by the Rules proper to 
Decimal Arithmetic. 

30. Thus it appears what Similarity, Coberence, 
and mutual Relation there is between the foregoing 
Methods of folving Arithmetical Queſtions by Loga- 
rithms, both Numerical and Inſtrumental ; and that 
they are all one in Nature, and differ only in the 
Modus operandi, or Manner and Form of working. 
By this Chapter, Aer *twill be eaſy for the 
Learner to obſerve how any common Queſtion in 
Arithmetic, or the Menſuration of Artificers Work, 
as Foinery, Maſonry, Carpentry, Painting, Timber- 
Meaſure, Gauging, &c. may be moſt readily per- 
formed by the Line of Numbers, with Compaſſes, ox 
by the S/:ding- Rule, which is much the beſt Way. 
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CHAF. X. 


Sheweth the ANALOGIES or PROPORTIONS for 
the SOLUT1ON of all the Casts of Plain and 

Spherical TRIANGLES, 60th Right and Ob- 
lique angled. 


w any defire to be throughly inſtructed in the 
Theory of Plain and Spherical Trigonometry, 1 
muſt refer them to my Young Trigonometer*s Guide; 
fince all I intend here is only to ſhew the great and 
moſt excellent Uſe of Logarithms in the practical Re- 
lolution of Plain and Spherical Triangles, . A Sy- 

nopſis 

x 


© % 20 
— 2 


5 / 


* 


NT: ABZ tB: AC. 


R: AC. : BC: 


R: AB:: 8B :BC. 
tg: AC:: R: AB. | R: AC:: t: : AB; 
4 R: AB:: seB: BC. A: — 1. BC. 

seB: 


R: AB: tB: Ac. 


tC: "AB: 1 * AC: 


Sor ur io Plain 


ſis of all the Caſes of a Right · angled plain Te. 


angle here follows. 
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nep 


FAE R AC: | AC RARE tC, 

: R:AB::gB:BC. | R: AC: oC: BO 

| IR 

| R: AB-tB: AC. | — 
| AC: R:: 

en R: AC: CAB. 
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2. A Synopfis'of the Analogies for the Solution of 


led plain Triangles. 


all the Caſes of Oblique-ang 


Q 
2 - 
8 8 
T | AB | AC. |sC: AB E AC 5 
C, A, B. BC. sC: AB:: sA: BC. 1 
II = AB | BC:sA:: AC: 8B. 
A C,B $B : AC:: sC: AB. 
7x, . ? 
nr | Be B. | AC+CB: AC—CB:t t 
C AB | Whence the Angles are known, : 
AB: AC + CB :: AC CB: AD=DB. 
AB A, | In the firſt Triangle, 'tis AD DB ? AG 
in the ſecond Triangle, AD+DB) © 
| IV AC B, | Then AB—AG=GB = 2DB. Thus each Tri- 
angle is reduced to two Right ones, viz. ADC, 
CB — and BDC; in either of which two Sides are 


Wl 


known whence the Angle C may be eaſily found. 


hz 
4 
liq 


b 


with cho aaa nr 2225 £018 RIC Willthenb 
ah the laſt foregoing. For the Sides ——— 


2-2 | 1 8 * 1 — 
2 Hl A : H Canons. Analogies. | The Triangle. 
EZ AB AC SBE: BA ::tFE : tAC. | R: sBA :: tB: tAC. men be 
E3| 1 B BC | sDE:sDF::tAE: tCF. } R: csg ::ctAB :ctBC. 
S8 ; C DOS a»: > Cons © , | R :csAB:: 8B : csC. 
* 2 8 bf AC | AB [tEF: tAC :: BE :sAB, | tB:tAC:: R: SAB. 
'J By II B BC SEF: 8AC :: sBF : sBC. SB: sAC :: R: sBC. 
I EE C scD:sCH::sDF: sHI. csAC: R:: csB: sC. 
> 2 _ BC | AB [sDF: sDE:: tCF : tAE. R: csB ::tBC : tAB. 
2 A III B AC | sBF: sBC :: sEF : sAC. R: sBC:: sB : SAC. 
8 as : C | sCF : sCT :: tDF : tHI. | csBC: R ::ctB: tC. 
5 5 & AB | BC | 8AD: sDC:: 8AE : SCF. R: csCA :: csAB : csBC. 
A 38 IV | AC | B |sAB:$BE:: tAC: tEF. sAB: R: tAC : tB. 
8 vs C „%%% A #6. RG: = ARCS 
£=|—| BC | AB | sDC:5DA ::5CF: $AE, | csAC:R :: csBC: csAB. 
2] V | AC |] B {sBC: 8BF ::8AC: SEF. SBC: R :: SAC: 8B. 
5 | | c |HF :eDH::$GI:sGH. | tBC:R :: tAC: C. 
oe| B AB in der er n SB : csC :: R: csAB. 
0 1 VI C AC ! sHI : sDF:: sCH : sCD. SC: csB :: R: csAC. 
8 | BC tl: tDF :: sCI :sCF. | tC:<tB::R-: SBC. 
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I. Analogies. 


II. Analogies. 


csBC: R:: ctB : tBCA, 
R: csB:: tBC: tAB. 


Solution of all the Caſes of 


„ 


SD : 8BC:: sB: sCD. 
csB : SBCA :: csD : sDCA. 
tD:tB :: s AB : sAD. 


| 


R: csBC :: tB : ctBCA. 
R: csBC :: tB : ctBCA. 
R: csBC :: tC: ct CBR. 


— —  -—— — — 


SBCA : sDCA :: csB : csD. 
csDCA :csBCA :: tBC : tDC. 
csDBX : csXBC :: tBC: tBD. 


R: csB :: tBC : tAB. 
R :csBC :: tB : ctB CA. 


herical TRIANGLES. 


Pp 
Triangles. 


SDC :$ﬆB :: sBC : 8D. 


R csB :: tBC: tBA, 
R: csB :: tBC: tBA. 
R: csBñ:: t;B D: tBY. 


ſis of Canons and Analogies for the 


and S 


ed Spherical I 


P 


— — 


SBA: csBC : csDA : cs C. 
SDA : sBA :: tB : tD. 
SCA: sBA :: tB ; tC. 


SBC xsCD : Rq:: — 


Note, Here Au BC - CD. And q = Square. Then 
the Angle C being known, the other Parts are eaſy found. 


AM BD -AM 
xs ——— :sq C. 


2 


9 


A Syno 


hap. X. 


blique-an 


4 


with the laſt foregoing. 


Change the Angles intoSides (taking the Complement of 
the greateſt Angle C,) and this Caſe will then be the ſame 
For the Sides of this Triangle 


\ 


The Triangle. 
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5. Being thus furniſhed with Proportions, we 
ſhall ſoon ſee with what incomparable Pleaſure and 
Eaſe the ſeveral Caſes of Triangles before going are 
reſolved by the Canon of Logarithmical Sines, Tan. 

ents, and Secants; and alſo by the Line of Numbers, 

th with the Compaſſes and by the S/iding-Rule ; 1 
ſay, we ſhall ſee in the two next Chapters, with 
how much more Eaſe and Pleaſure they are re- 
ſolved by theſe two Methods, above what is attain. 
able by any other Way yet invented for this Pur- 


pole, 


CHAP, 
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CHAT. 


The SOLUTION of PLAIN TRIANGLES by the 
CANON of LoGARITHMICAL SINES and 
TANGENTS ; by GUNTER's SCALE and 
CoMPASSES ; and by the SLIDING RULE. 


. J Have already deſcribed and taught the Uſe of 
the Logarithmic Canon, ſo far as to find the 
Logarithms of any Number, Sine, Tangent, or Secant 
propoſed. I ſhall therefore here only obſerve, that 
what I call Gunter's Scale is ſuch a Plane Scale as hath 
upon it Gunter's Line of Numbers, and of Artificial 
Sines and Jangents; whoſe Nature, Conſtruction, 
and Deſign, have been before diſcourſed of in the 
Theory. The Sliding-Rule has the ſame Lines, 
which are contrived to ſlide by one another as you 
leaſe; and to avoid Repetitions, I ſhall call the 
bw of Numbers on the Rule it ſelf, A; and that 
on the Slider, B; alſo I ſhall call the Lines of Sines 
and Tangents on the Rule Sr, Tr; and thoſe on the 
Slider Ss, and T's, You muſt know alſo that the 
End of each Line marked 10, 9o, 45, is here called 
Radius. Having premiſed theſe things, we proceed 
immediately to the Solution of | 


2, Right-angled Plain 7. riangles. 


Caſe I, In the Right-angled Triangle ABC, there is 
given the Baſe AB=285, and the Angle at 
Baſe B=32* 48“; to find the Perpendicular 
AC, and the Hypothenuſe BC. The Hy- 
Pooth. Radius, Fig. I. 
The Analogy for AC is, sC: AB:: sB: AC. 


In 
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In Words; 
As the Sine of the Angle C=57® 1229.924572 


is to the given Side or Baſe AB=28 ;,=2.4 54845 4 
So is the Sine of the Ang. B=32® 48'=9.733765 Fa d 


12.188610 


To the Perpendicular AC=183,67=2.264038 


The Analogy for BC is, 5B: AC :: R: BC. 


In Words; 
As the Sine of. B=32® 48 . 733765 
is to the Perpendicular AC=183,67=2.264038 
So is Radius 9 o00'=10.000000 


to the Hypothenuſe. . . BC=339,06=2.530273 


3. By Scale and Compaſſes. To find AC. 


Set one Foot of the Compaſſes to 320 48'=B, in So 
Line of Sines, and extend the other upwards to 
57 12/=C; the ſame Extent will reach from 28; 
SAB downwards in the Line of Numbers to 18 3,67 
==AC, the Perpendicular ſought. No 


To find BC. 


Extend the Compaſſes from 320 48'=B to Radius 
go? in the Line of Sines ; the ſame Extent will reach 
(in the Line of Numbers) from 183,67=AC, to 


339,06=BC, the Hypothenufe ſought. b. 
| / 
4. By the Sliding-Rule. To find AC. Scal 
Make the Line of Numbers ſlide by the Line of will 
Numbers, then will the Lines of Sines ſlide by each of F 


other, and alſo the Line of Tangents by the Line of 
Tangents. Having thus prepared the Rule; fes 
57 


— BED. ad td 


\ 
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7 12“ on Ss to 32” 48“ on SR; then againſt 285 
on Bis 183,67 on A, the Perpendicular ſought. 


To find BC. | 
Set 320 48“ on Ss to Radius 90⁰ on SR, then a- 


gainſt 18 3,67 on B is 339, 06 on A, which is the 
Hypothenuſe required. 


5. Caſe II. Given the Angles B=32® 48, and 
C==57® 12, and the Side AC 183, 67; to 
find AB, and BC. 


The Baſe made Radius. Fig. II. 


As the Tangent of the Ang. B32 48'==9.809193 
is to the Side AC=183,67==2.264038 
So is Radius 90 00'/=10.000000 


to the Side or Baſe AB=28 x2 454845 


'* 

* 
q 

U # 
" ſ 
* 


To find BC. 
As Radius 90? 00'/=r0o, 
is to the Side AB=2285= 2.454845 


So is the Secant of the Angle B 2 48'=10.07 5428 


to the Side or Hy poth. BC==339,06= 2.5 30273 


Note, I have wrought this laſt in Secants for Variety 
fake, and that the Reader may ſee the Conclu- 
fions are the ſame every Way. But this Caſe is 


much better reſolved by making BC Radius, as 
in Fig. I. 
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6, By the Plane Scale and Compaſſes. 


As there is no Line of Artificial! Secants on the 
Scale or Sliding-Nule (as being uſeleſs) ſo this Caſe 
will be beſt performed Inſtrumentally by the Analogies 
of Fig. I. where BC is made Radius. | 


— — 
* * 


Therefore 
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Therefore, extend the Compaſſes from 320 48“ tg 
57 12/ in the Line of Sines, the ſame Extent will 
reach from 183,76 to 285 in the Line of Numbers, 
thus 285—AB, the Side required. 

Or thus, By the firſt Analogy of this Caſe of 
Fig. II. extend the Compaſſes from 320 48' to Ra- 
dius 4.5 in the Line of Tangents, the ſame will reach 
from 183,67 to 285 =AB (as before) in the Line of 


Numbers. 9 
| To find BC. | 
Extend the Compaſſes from 320 48' to Radius 90 * 
in the Line of Sines, the ſame will reach from 18 3,67 32 
to 339,06=BC; in the Line of Numbers. 7 
| in 

7. By the S'* ing- Rule. to 
To find AB. 

Set 320 48' on Ts to Radius 45 on TR; then 2. a 
gainſt 183,67 on B is 285 AB, on A. * 
| . thus 

To find BC. | | of \ 

Set 320 48“ on Ss to Radius 900 on SR; then a- Nen. 
gainſt 183,67 on B is 339,00=BC, on A. ay 
A 


8. Caſe III. Given the Angles B= 322 48' and C= 
572? 12/, and the Hypothenuſe BC=3 39,06; . 
to find the Sides AB and AC. 


The Hypothenuſe made Radius. Fig. I. 


As Radius 90? OO. 10. 
is to the Hypothenuſe BC==339,06==2.53027} 
So is the Sine of the Angle C=57® 12/=9.92457! 


To the Side or Baſe. . . . AB=285=2.45484; 
And ſo is the Sine of the Ang. B=32® 48'=9.7 3376; 


— 


to the Side AC=183,67=2.2640 33 
Or 
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As Radius 90? 00=10. 
is to the Side AB=285=2.454845 
So is the Tangent of... B32 48'=9.809193 


to the Side ACn83,6722.264038 


9. By the Scale and Compaſſes. 


Extend the Compaſſes from Radius 90 to 379 12/ 
in the Line of Sines, the ſame Extent will reach from 
329,06 to 285=AB, in the Line of Numbers. 

And then again, extend them from go to 32048 
in the Line of Sines, the ſame will reach from 339,06 
to 183, 6% AC, in the Line of Numbers. 


10. By the Sliding-Rule. 


This Caſe may be ſolved by once ſetting the Rule, 
thus; Make the Line of Sines to ſlide by the Line 
of Numbers: Then ſet Radius 90 on Ss to 339, 06 
a on A; thus againſt 37 12! on Ss you ſee 285=AB, 

and againſt 320 48/ is 183,67=AC, on A. Such is 
the great Conveniency of this ſmall Inſtrument. 


11, Caſe IV. Given the two Sides, AB=28;5 and 
AC=183,67 ; to find the Side BC, and the 


Angles B and C. 
The Baſe made Radius, Fig. IT. To find B, 
As the Side AB=285=2.454845 
is to Radius 10. 


80 is the Side.. | AC=183;67=2.264038 


To the Tangent of the Angle B32 48'=9.809193 


Or thus, making AC Radius, Fig. III. To find C. 
A a | As 


Or thus; AB made Radius, Fig. II. To find AC. 
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As the Side AC=183,67=2.264038 


is to Radius 10. 
So is the Side AB=285=2.45484; 


To the Tang. of the Angle C=57248'=10.19070; 


12, 8 To find the Side BC. 


This may be done directly with the Secants, or by 
finding the Angles firſt, with the Sines; as is mant- 
feſt from the Synopſis. But ſince if the required Side 
BC be made Radius, it can't be found by the com- 
mon Analogies of Trigonometry ; I have given an 
Equation formed on the Principles of Geometry for 
that purpoſe, viz. AB AC BC, which | 
ſhall reſolve by Logarithms, as follows. 


The Log. of the Side. AB=285=2.45484; 


the Double thereof | | 
de leg erf. ABq=81225=49096 


Alſo the Log. of the Side AC=183,67=2.264038 


The Double of which 
a the tor: of - FACq=337 34,066=4.52807b 


Add the Square ABq=81225 


The Log. of 
the Sum 


c ABqACq =I 1499.66 25.060540 


— —_—__—_G_—_ 


Half which is the Log. of 
vV ABq+-ACq=zBC=339,06=2.5 3027; 
the Side required, 


15. B 


13, By Scale and Compaſſes. To find the Ang. B. ry 
e © 


Extend the Compaſſes from 285 to 183,67 in the 66 

Line of Numbers, the ſame will reach from Radu 2 
452? to 32? 48“, in the Line of Tangents, the Angt 
B required. 


det 
1 oh 5 


Chap. XI. Solution of Plain TRIANGLES. 179 


By ihe Sliding- Rule. 


Set 28; on A to 183,67 on B, then againſt Radius 
45% on TR is 320 48'= the Angle B, on Ts. 

Having thus found the Angles, the Side BC is 
found as in the foregoing Caſes. 


14. Caſe V. Given the Hypothenuſe BC=3 39,06 
and the Side AB=28; ; to find the Angles 
B and C, and the Side AC. 


To find the Angle C. Fig. I. BC Radius. 
. BC gg 39, o5 22.530273 


is to Radius 10. 

So is the Side AB=285=2.454845 
45 | 
20 To the Sine of the Angle Cg 12 A9. 924572 
= To find the Side AC. 
35 r 10. 


076 is to the Side BC==339,06=2.530273 
So is the Sine of the Angle B=32® 48 29.733765 


to the Side AC—183,67=2.264038 


Mie, The Side AC may be found Geometrically, 
as taught in Art. 12. the Equation being 


Y/ BCq—ABq=zAC. 


15. By Scale and Compaſſes. To find the Angle C. 


| Extend the Compaſſes from 339,06 to 285 in the 
A of Numbers, the ſame will reach from Radius 

145 0 to 370 12. C, in the Line of Sines. 

ag By the Sliding- Rule. 

Set 339,06 on A to 285 on B, then againſt Radius 

on Ss is 57? 12/==C, on Ss. 
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The Angles being thus found, the Side AC may 
be found by Scale or Sliding- Rule, as before. 


16, Caſe VI. Given the Side AC=183,67 and BC 
2339, o6; to find the Angles B, C, and the 
Side AB. 


As this Caſe is, in the Nature of it, the ſame 23 
the laſt, ſo the Solution is in all reſpeRs the ſame, and 
needs not be repeated. 


17. Of Oblique-angled Plain Triangles. 


Caſe I. There is given the Angles C==82® 9, 
B=60® oo' ; and the Side AB=365; to 
find the other two Sides AC and BC. 


Note, The firſt Triangle in the Synopſis of Oblique 
Plain Triangles is that which I have regard to 
here, and is acute-angled; the Difference be- 
tween this and the obtuſe-angled one, Fig, Il. 
will be taken notice of as I go along. | 


To find the Side AC. Fig. I. Co. Ar, 


As the Sine of the Angle C=829? 30'=0.003732 
n to the Se AB=365"=2. 562293 
So is the Sine of the Angle B=60® o00'=9.9 37531 


to the Side ſought. . . . AC=318,82=2.503550 


To find the Side BC. Co. Ar. 
As the Sine of the Angle C82 30'=0.00373 
is to the Side AB=36 5=2, 562293 


So is the Sine of the Angle A=37® 30 9. 78444 


to the Side required , . . BCS 24, 1 12. 35047 
19, 


© a S444 * 
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18. By the Scale and Compaſſes. To find AC. 


Extend the Compaſſes from 820 30“ to 60 in the 
Line of Sines, and the fame Extent will reach from 
365 to 318,82 in the Line of Numbers; therefore 
318,82=AC, 


To find BC. 


Extend the Compaſſes from 822 3o' to 37 gol in 
the Line of Sines, the ſame will reach from 365 to 
224,11=BC, in the Line of Numbers, 


19. By the Sliding- Rule, 
To find AC. 


Set 82? 3o' on SR to 60 oo! on Ss; then againſt 
365 on A, you have 318,82=AC, on B. 


To find BC, 


Set 82" 3o' on Sk to 37 3o' on Ss; then againſt 
365 on A, you have 224,11=BC, on B. 

But fince all the Angles are known, both the un- 
known Sides are found at once ſetting the Rule thus; 

Let the Line of Numbers ſlides by the Line of Sines; 
and ſet 1820 3o' on SR to 365 on B, then againſt 
60? oo is 318,82=AC ; and againſt 37 3o' is 
224,11=BC, on the Line of Numbers. 


20, Caſe II. Given two Sides, AC==318,82 and 
BC=224,11; and the oppoſite Angle A 
379 3o'; to find the Angle B, and the other 
Side AB. | 


To find the Angle B. Co. Ar. 
As the Side BC=224,11=.7.649528 
is to the Sine of the Angle A=37® 30'=9.784447 
So is the Side AC ggg 18, 8222.503536 


to the Sine of the Angle . , B=60® oO =. 9 37 531 
The 
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The Angles being thus known, the Side AB is 
found as were the Sides AC and BC in the foregoing 
Caſe. | 


47. By the Scale and Compaſſes. 


To find the Angle B. 


Extend the Compaſſes from 224,11 to 318,82 in 
the Line of Numbers, the fame Extent will reach 
from 37* 3o' to 60? 00'==B, on the Line of Sines. 


By the Sliding-Rule. 


Set 224,11 on A to 318,82 on B, then againſt 
37? zol on Sr is 60? O =B, the Angle ſought, 
on 8s. 


Note, In this Caſe of the Obtuſe-angled Triangle, 
Fig. II. *tis obvious the Angle here found is the 
outward Angle CBG, whoſe Complement there- 
fore to 180 Degrees is equal to the internal ob- 
tuſe Angle ABC 120 oo, 


22, Cafe III. Given two Sides AC == 318,82 and 
BC 224,11; and the included Angle C= 
829 30'; to find the Angles A, B, and the 
Side AB. 


To find the Angles A and B. 


The Sum of the given Sides is AC+-BC=542,93 ; 
their Difference is AC—BC=94,71 ; the Sum of 
the unknown Angles A+B==97® 3o' ; therefore 


the half Sum is — 480 45'; whence by the A- 
nalogy in the Synopſis, ſay; 


As 
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ne 8 Co. Ar. 
the Sum o 
Aethe Sides J. . Ac TBC 542,93. 7. 2652 56 
is to their Difference AC—BC= 94, 7 1 1.976396 
So is the Tangent of) , +8 
the half Sum of che hn =48? 45'=10.057012 
unknown Angles 
to the Tangent of half ES 


1 | 
their Difference : —_— =9.298664. 


Then to the half Sum of the Angles 4845 
add the half Difference 12” 15 


The Sum is the greater Angle B—60? oO 
But the Diff. is the leſſer Ang. A=37® 30/ 


23. By Scale and Compaſſes. 
To find the Half Difference of the Angles a B 


— 
Having prepared the Work as above, proceed thus; 


Extend the Compaſſes from the Sum of the Sides 
542,93 to their Difference 94,71 on the Line of 
Numbers; with this Extent ſet one Foot of the Com- 
paſſes in Radius 4.5”, and pitch the other downwards 
in the Line of Tangents, where fix it while you bring 
the other Foot from 45® to 48® 45'; then with this 
Extent apply one Foot in 45®, the other will reach 
to 119 15'= the half Difference of the Angles A and 
B; which therefore may be found as before. 

Or if you have a Line of Tangents continued be- 
yond 45”, then the Extent from 94,71 to 542,93 in 
the Line of Numbers will reach from 48? 45' to 
11* 150 in the Tangent Line. 


by ACTS” ge - . NR 
Y * o S = 
n 7 _ — * * — * 1 —— = * 
— 


8 ” 7 
2 ; , — - i x - 1 r — — * 22 * "a ** — — — = _ _- — 
_- 8 Wy A d — — 2 * _ > * 
i —_ 2 * 138 2 - _ — = »* . 1 hy 2 
— 2 — = * — — — — Py : — — — — 5 ow: ot - . —ä— — — * of * 1 * # ** N . 
* - - — - 2 — — A * 
* 2 — - — — — - = * A * * - * 
— — — hls A — —-— — - —_— - A = ny 2 — — 
7 —_— r * — —— — -_ * — — — ad 
8 8 — N — 4 — wa Y . - —— - — an = = 
2 , q a — — — — 2 _ = 
- — 5 — 4 = — I - 8 — 4% — _ 


* 


r 2 SS 


- — 
— * % . 
— WV 


ib, 

4g 

4 

wy 

| 

: 

: 

* . 

1 [7 

: 4 : 
\ : 

0 "o 

#1. | 4 


194 Solution of Plain TRIANGLES. cl 


24. By the Sliding-Rule. for 


Set 542.93 on A to 94, 71 on B; then againſt 452 AI 
on T obſerve the Degree and Minute on Ts, and 0 
bring that Point to 48045 on TR; then againſt 45? A 
on T's you have 11® 15' on T's, which is the half 
Difference as before, of the two ehquired Angles in 
A and B. cl 

Or thus, if the Line of Tangents be continued on 
the Slider beyond 45; ſet 542,93 on A to 4845 
on Ts, then againſt 94,71 on A is 119 15' on Ts. Not 

Having therefore the Half Sum, and Half Diffe- 
rence of thoſe Angles, they are found as in Art. 22, 
and then the Side AB will be found to be 365 as in 
Caſe I. hereof. 


25, Caſe IV. Given all three Sides AB=365, AC= i 


318,82, and CB=224,11, to find the r 
Angles. = 
el 


In order to this *twill be neceſſary to reduce the Fort 
oblique Triangle into two r ones ADC, Kc. 


and BDC, thus; Find the Sum of any two Sides nome 
AC CB 542,93; and their Difference AC—CB H 
=94,71 ; eſteeming the other Side AB the Baſe, the Plait 
Difference of whoſe Segments AD—DB=AG, 1s that 
firſt of all to be found by this Proportion, viz. wt 
Co. Ar. its 4 

As the Baſe AB=365=.7.437707 I the i 


36 to the Sum of 
the two Sides c AC+BC=542,93=2.734744 


So the Diff. of the 
two Sides 


to the Diff. of 
the Segments 


c AC—BC=94,71=1.976390 


— CC 


— 


© AD—DB=AG=141=2.148847 


T herefore 


ww WW - 


Ore 
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Therefore AB—AG=224=GB—2BD ; there- 
fore BD==112, and AD=253 ; and ſo the whole 
Triangle ACB 1s reduced to two Right angled ones 
ADC and BDC, in each of which there is two Sides 
given AD and AC, DB and BC; by which means 
the Angles ACD and DCB may be found, which 
together are equal to the Angie ACB; and this be- 
ing known, the other two are found with Eaſe by 
Caſe I. And thus the whole oblique Triangle is re- 
ſolved. 


Noe, When the Perpendicular falls without, as in the 
obtuſe-angled Triangle ABC, Fig. II. then it 
will be the Sum of the Segments AD＋DB 
AG ; and the Difference of the Angles ACD— 
BCD=ACB, the Angle required. 


26. And ſince the ſeveral Problems of Navigation, 
whether in the Plain, Mercator' e, Middle Letitude, 
Oblique, or Traverſe Sailing; as a'lv of me- ſuring 
Heights and Diſtances, acceſ/ible and inacceſſible ; ar 
Fortification, Gunnery, and divers Parts of 4/tronomy, 
Kc. are all reſolved by the Doctrine of Plain Triog- 
nometry, as in the Method before-going ; it muſt be 
very eaſy for any who underſtands the Sclutian of 
Plain Triangles, to apply it to any practical Cafes 
that may occur in any of the aforeſaid Arts, with- 
wt any farther Inſtructions or Examples. Yet thoſe 
who would ſee the Theory of Plain Trigonometrv, and 


its Application, in the largeſt Extent, may find it in 


the firſt Vol. of my Young Trigonometer®s Guide. 
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HRA. AM 


The Sol u T ION of SPHERICAL TRIANGLES þy 
_LoGARITHMS, by GUNTER'S SCALE, and 
by the SLIDING RULE. 


fied the Reſolution of Plain Triangles both 
by the Canon of Logarithms, and Logarithmical I. 
ſtruments, ſo J ſhall purſue the ſame Method her 
with reſpect to Spherical Triangles of both kinds; 
in each of which there are /ix different Caſes, which 
in all their Varieties are reſolvable according to the 
Analogies aſſigned in the Synopfis z on which, and a 
the Figure of the Triangle there, the Reader is de. 
fired to have his eye, thro? the whole Courſe of Ex 
amples. To begin then with 


I, A in the foregoing Chapter I have exempf. 


2. Right-angled Spherical Triangles. 


Caſe I. Given the Baſe AB=38® 157, and Angle at 
Baſe B=39® 56' to find the Perpendicular 
AC, the Hypothenuſe BC, and the AngleC, 


1. To find the Perpendicular AC. 


As Radius 90 o00'=10.000000 
is to the Sine of the Side AB 38 15'= 9.79175 
So is the Tang. of the Ang B=39® 56 29.922790 


to the Tang. of the Perp. AC=25? 23129. 7 1454 


J. 
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2, To find the Hypothenuſe BC, 


A 90” 00'/=10,000000 
to the Co-Sine of the Angle B=39® 56/=9.884677 
So is the Co-T. of the Side AB=38” 15'=10.103288 


to the Co-T. of the Hypoth. BC=4 5? 48'=9.988065 


3. To find the Angle C. 
As Radius, co. 90? 00/=10.000000 
to the Co-Sine of the Side AB=38® 15/=9.895045 
So is the Sine of the Angle B=39? 56/=9.807465 


to the Co-Sine of the Angle C=59® 44 9. 702510 


3 By Scale and Compaſſes. 


1. To ſind AC. 


Extend the Compaſſes from 90 to 399 56'in the 
Line of Sines, that will reach from 38” 15“ in the 
Line of Tangents to 270 23/z=AC, the Side re- 
quired. . 


2. To find the Hypoth. BC. 


* Extend the Compaſſes from Radius 90 to the 
Co-Sine of B, 50? 04/ in the Line of Sines ; then 
apply that Extent from 45 in the Line of Tangents 
downwards, where fix that lower Foot, and bring 
the other to 512 45' the Co- Tangent of AB, this 
aft Extent will reach from 45? to 44 12/ the Co- 
Tangent of BC=4 5? 48', the Side required. 


3. To find the Angle C. 


Extend the Compaſſes from go? to 319 45' the 
Co-Sine of AB, the fame will reach from the Sine 
39* 56 to 39? 16' the Co-Sine of C=59® 44“. 
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4. By the Sliding- Rule, ( 


1. To find AC. 


Set 90 on SR to 38" 15“ on Ss; then againſt 
39? 56 on TR is 27 23/i=AC, on Ts. 


2. To find BC. 


Set 90 on Sk to 50? 04' the Co- Sine of B, on Ss; 
and mark the Degree and Minute, on Ts againſt 45 
on TR, bring that Point to 319 45 (the Co-T angent = 
of AB) on T's, on which againſt 452, you have ol 
44? 12' on Ts, the Co-Tangent of BC=452 48", as 
required, 


of - | 


3. To find the Angle C, 62 


Set 90 on SR to the Co-Sine of AB, 519 45% on Si 
Ss ; then againſt 395 56 on SR is 300 16 on 8s, the C 
Co- Sine of C= $9; 44, as required, 


5. Caſe II. Given the Perpendicular AC=27® 25', and 
the oppoſite Angle B=39®? 56'; to find the 
Side AB, the Hy pothenuſe BC, and Angle C. 0 


To find AB. 
As the Tangent of. B39 56 29.922757 
is to the Tangent of. Ac 2 239. 714544 
So is Radius 90? 00'/=10, 
to the Sine of the TOP Eee 
Side required EF r 1559.99174 


The Operations of this Caſe being only the Converl: 
of the foregoing, needs no further Examples, 
Numbers. 
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6. By Scale and Compaſſes. 


1. To find AB. 


Extend the Compaſſes from 39? 56' to 279234 
on the Tangents, the ſame will reach from 9o® on 
the Sines, to 380 15'=AB. e 


2. To find BC. 


Extend the Compaſſes from 390 56' to 270 22/3 
on the Sines, the fame will reach from 90 to (the 
Sine of BC=) 45? 48, as required. 


3. To find the Angle C. 


Extend the Compaſſes from (the Co- Sine of AC) 
620 36'x to 90, the ſame will reach from (the Co- 


Sine of B) 50? o to 39 44 the Sine of the Angle 1 
C required, 0 
7 By the Sliding- Rule. 5 | 
1. To find AB. j 
% Set 39 56 on TR to 27? 234 on Ts, then againſt 1 
90 on SR is 38? 15 AB, on Ss. pi 
11 
$7 | 2. To find BC. f it 
-44 Set 39®? 56' on SR to 270 23'z on Ss; then againſt 1 bo 
90 on SR is 45? 48'=BC, on Ss. ; [ 
2 3. To find the Angle C. N 0 
75 Set (the Co- Sine of AC) 629 36/z on Sk to 90% n WH, 
uk Ss ; then againſt (the Co- Sine of B) 509 O on SR is % 


599 44/=C, on 8s. 


8. Caſe III. Given the Hypothenuſe BC=4 59 48/, 


and an acute Angle B=392® 56/, to find the 
| Legs AB, AC, and the Angle C. 


| 15 
1. 47 Wl 
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1. To find AB. 


As Nadius > 90? 00'=10.000000 
to the Co-Sine of. B==39” 56'= 9.884677 
So is the Tangent of . . BC=45” 48 10.012129 


n 


E 1 ohms AB=38® 15'= 9.896806 


2, Tofind AC. 


As Radius 5s 90? 00/=10. 
is to the Sine of . . . . BC==45? 48'S 9.85546; 
So is the Sine off. B==39? 56'/==9.80746; 


to Faro 2 of the Side 5 Ac=27 2329.662930 


3. To find the Angle C. 


As the Co- Sine of.. . . BC=45® 48'=9.843336 
to Radius: .... 90 OO=10O, 
So is the Co-Tangent of B=39® 56'/=10.07721; 


To the Tangent of . . . . C=59® 44'=10.233877 


9. By Scale and Compaſſes. 


1. To find AB. 


Extend the Compaſſes from Radius 90? to (the Co- 
fine of B) 50? 04/ in the Sines, then ſet one Foot in 
45? in the Tangents, and pitch the other downward 
where fix it, while you bring the former from 45? 
to 452 48'; then will this laſt Extent reach from 45? 
to the Tangent of 389 15'=AB, the Side required. 


2. To find AC. 


Extend the Compaſlcs from go? to 45? 48“ in the 
Sines, 


1 '-bhAh Av 
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Sines, the ſame will reach from 39? 560 to 27® 232 
ZAC, in the ſame Line. 


3. To find the Angle C. 


Extend the Compaſſes from (the Co-Sine of BC) 
44 160 to Radius go? the ſame applied to (the Co- 
Tangent of B) 30 o, will reach to the Tangent 
592 44 C, the Angle required. | 


10, By the Sliding-Rule. 


1. To find AB, 


Set Radius 90? on SR to 50? 04/ (the Co-Sine of B) 
on Ss, and againſt 45® on TR mark the Point on Ts, 
bring that Point to 45” 48' on TR; and now againſt 
45% on TR you have 38? 15/=AB, on Ts. 


2, To find AC. 


Set Radius 9oꝰ on S to 45 48/ on SR, then againſt 
39* 66“ on Ss, you'll ſee 27® 23/2 on SR, the Side 
AC required. 


3. To find the Angle C. 


Set (the Co- Sine of BC) 44» 16' on Ss to Radius 
90 on SR; then againſt (the Co-Tangent of B) 
50* 04/ on TR, is 59* 44'=C, on Ts. 


11. Caſe IV. Given the Legs, AB=38* 157, and 
AC=27?* 23/3; to find the reſt. 


To find the Hypothenuſe BC. 
As Radius > 90? o00'=10. 
is to the Co-Sine of. AC=27*23i—9.948388 
So is the Co-Sine of. AB=38* 15'=9.895045 


Rn to the Co-Sine of . . . . BC==45? 48'=9.843433 
1239 As 
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As there is nothing new in finding the Analogies B 
and C, I ſhall paſs them by. | 


12, By Scale and Compaſſes. poi 
780 

1. To find BC. a 
o fin 59 


Extend the Compaſſes from 90* to (the Co- Sine of 
AC) 62* 37'; the fame applied to (the Co-Sine of 14. 
AB) 51450 will extend to (the Co-Sine of BC) 

44 16' ; therefore BC=45* 48/. 


2. To find the Angle B. | T 
Extend the Compaſſes from 38* 150 to 90? in the Is 
Sines, the ſame will reach from 27* 23'z to 39* 50 A 


=B, in the Line of Tangents, 


3. To find the Angle C. 
Extend the Compaſles from 27* 23 to o' in the 


Sines ; the ſame will reach from 4.5* to a Point in the 
Tangent-Line, where fix the Compaſſes while you 
bring the Leg from 45 to 38* 15', then will this laſt 
Extent reach from 45* to 59* 44 , in the Tan. 
gents. 


13. By the Sliding-Rule. 


1. To find BC. 

Set 90? on Ss to (the Co- Sine of AC) 62 36: on 
SR, then againſt (the Co-Sine of AB) 51* 45“ on 8s 
is (the Co-Sine of BC) 44* 16“ on SR; wheretore 
BC=45* 48/, as required. 


2. To find the Angle B. 


Set 3815 on Ss to go' on SR; then againſt 
27 237 on Ts is 39 56' on Tn, the Angle B re- 
quired. 


* 
I 
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ink 5; T6 fnd'the Angle c. 

Get 279 23˙ on Ss to go® on SR; and mark the 
Point on Fs againſt.45? on TA; bring that Point to 
380 15% on TR 3 then againſt 45% on Pr you ſea 


59 44'=C; on Ts. | 
14. Caſe V. Given the Hypothenuſe BC 455 487% 
and one Side AC=27® 231; to find the reſts 
To find the Angle C. 


The Tangent of. BC=45® 48'=10,012129 


. * 


is to Radius 90? 0©0/=10, 


 * 
* 


; to the Co· Sine of the Angle C= 59244'=9. 702415 
ts By the Scale and Compaſſes. 


; Extend the Compaſſes from 455 to 270 2301 in the 
„ angents, then ſet öne Foot in 45% 480, and pitch 


the other downward, where fix it while you move 
the other again from 45? 48' to 452, then fhall this 


) 30? 16' in the Line of Sines ; whence the Angle 
=59? 44', as tequited. 

6. By the Sliding- Rule. | 

Set 45 on Tn to 27 243 on Ts, and mark the 
ont in Ts againſt 452 48“ on TR, then bring that 
Point to 45 on TR; laſtly, againſt 900 on SR, you 
ave 300 16“ on Ss, which is the Co-Sine of C 
eee 3 
Note, The Proportions for AB and the Angle B, 
ntain nothing new or difficult either in Numbers of 


em. 
Cc 17. 


As the Tangent of AC= 2 231 9.7 14544 


aſt extent reach from Radius 90? to (the Co-Sine of 


y laſtrument, therefore ſhall give no Examples in 


* 1 — 


2 


D . r 
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17. Caſe VI. Given the Angles B==39® 56', and 
C==59? 447, to find the Sides AB, AC, BC. 


bs. 301 r. To find AB. 

© As the Sine of. B=39? 56 =. 807465 
is to the Co-Sine of. C=59" 44'=9.702452 
So is Radiuns 90 OO 10. 


— — — 


To the Co- Sine of the Side AB=38® 15'=9.89498; 


2. To find AC. 


The Analogy is the ſame as for AB, by which you 
will find AC=27* 230% nearly. 


3, To find BC. 


As the Tangent of . . . C=592? 44'=10.23390; 
is to the Co-Tangent of B=39? 56'/=10.07721; 
So is Radius 90 00'=10. 


bn 
to the Co-Sine of the Side BC=452 48'= 9.84 3368 


18. By Scale and Compaſſes. 


1. To find AB. 


Extend the Compaſſes from 39® 56/ to (the Co- 
Sine of C) 309 16', the ſame will reach from Radius 
g0? to (the Co-Sine of AB) 51® 45, in the Line of 
Sines; therefore AB=38® 150. In the fame manner 
you find AC=27® 2314. 


2. To find BC. 


Exteng the Compaſſes from 592? 44“ to (the Co 
Tangent of B) 50? 04 in the Tangents, the fam? 
Extent will reach from Radius 90? to the Co- Site 
of BC) 449 12/ in the Sines; therefore BC=4.5® 48' 


- 
* 


— 


19 
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19. By the Sliding-Rule. | 
22 1. To find AB. 
Set 39 56' on Ss to (the Co- Sine of C) 30* 161 on 
Sz z then againſt go? on Ss is (the Co-Sine of AB) 


51 45'3 conſequently AB=38? 15/. f 
In like manner, you find AC=27®. 234. 


2. To find BC. 


Set 59? 44' on Ts to (the Co-Tangent of B) 
30 og on TR; then againſt 90* on SR is 44* 12/ 
(the Co-Sine of BC) on Ss, Wherefore BC=4 5*48/, 


20. Of Olllique Triangles. 


Oblique Spherical Triangles admit alfo of fix dif- 
ferent Caſes, as follow. F 


Caſe I. Given two Angles, B=34* 30', and D 

43538 oo, and an oppoſite Side BC==38* 45“; 

to find the other two Sides DC and BD; and 
Angle C. ws 125 


Let fall a Perpendicular CA from the unknown 
Angle C to its oppoſite Side BD. Then is the ob- 
le lique Triangle reduced to two Right ones, BAC and. 
: of WW DAC. Then ſay by the firſt Analogy ; To find the 


mer Angle C. 


As the Co-Sine of . . . , BC=38* 45 9.892030 
is to Radius g0* Qo'=10, 
So is the Co-Tangent of B=34* 30 10.162866 


ſame to the Tangent of .. BCA=61* 48 T. 2708 36 


8.7 Again, by the ſecogd Analogy, 8 
19 C c 2 AS 
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Co. Ar. 

As the Co-Sine f. 30/=0.084006 

is to the Sine of. e 45529 945159 

So is the Co- Sinegf . . D=g8 oO. 25311 


fot the Sine of the Angle Den- ai 54676 


Now fince the Perpendicul CA falls within the 
Triangle, tis plain the Sum of the two Angles nov 
ebe makes the Angle ſought, VIZ. BCA-DCAz 


CPS 4145-6 48" i==10y* 30. 


To find the Side FD. - 


27. By the firſt Analogy; tay; 
As Radiuns 99, 0 10. 
to the Co- Sine of . . ,, B= 34” 20 9. 915994 
So zs the Tangent of. N 45. 9 904407 


fo the Tangent of the Side BA=33* 3* 29/=9. 820485 
A gain, by che ſecond Analogy, fay 


CE Co. Ar. 
; As the Tangent of D=48* 90 9.954437 
to the Tangent of © » » - B34” 30 9.827134 
BY the Sing of.... ABz337 29/=9.741698 


dio the Sine of. 2 85 ADI, 57 9 533269 


| Now tis evident, the Sum of the two Ava 

+AD= BD=33" 89719" 57 999" 00,08 

Side a N 

22. | T o find the Side . x11" Dp: At. 
As the Sine of the An ole Dis- 0 . 128927 


js to the Sine of the Side BC=38* 45 g. 796571 
90 is the Sine of the Angle B=34* 30'=9.753128 


— ͤ äö äS D. 


$01 the Sine of the Side fought PC=2: 8⁰ 30 S. 678626 
Thus 


3 DSD n mRi'm_ 
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Thus the whole Triangle is reſolved according ta 


\ 


the Data of this Caſe. J*:4& 
23. Caſe II. Given twq Angles Bg zo, and 
__ C107? go“; and a Side included BC 
238 45'; to find the reſt. TR 
You let fall the Perpendicular CA, and find the 
Angle BCA==61® 48/2, as in Art. 20, Then from 
the given Angle C=107® 30', take the Angle BCA 
26148, and there will remain the Angle DCA 
245 41½, by which you will find the Angle D= 
48 oo, according to the ſecond Analogy of this 
Caſe. Theſe Things being knawn, we may pro- 


reed 
To find DC. Co. Ar. 
Thus, as the Co-Sine of DCA=45® 41'z=0.155821 


zs to the Co- Sine of BCA=61? 4829.674329 


So is the Tangent of . . . BC 38 45 9904491 
To the T. of the Side ſought DC 280 30 9.7 34641 
1 
From the given Angle B let fall the Perpendicular 
BY to the unknown Side DC produced; then by the 
aſt Analogy, find the Angle CBX, thus; 
CRISES... goꝰ 00'=10. ' 


to the Co-Sine of... BC=38® 45'=9.892030 
So is the Tangent of BCX=72? 30'=10. 501278 


tothe Co Tangent of C BRN 229 00'z=10. 393308 


Then by the ſecond Analogy, ſay; 
As the Co-Sine of., DBX=56? 30':=.0.258208 
is to the Co Sine of NBC=22® 00/:z=9.967151 
So is the Tangent of . . . BC=38® 45 9 904491 


Pthe T. of the Side ſought DC=53® 26'=10.1 298 50 
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25, Caſe III. Given two Sides BC==38® 45, and 
_ CD==289q 30% and an Angle oppoſite to one 
of them, B==34® 3o'; to find the reſt, 


This Caſe being but the Converſe of Caſe J. I ſhall 
not repeat the Examples. 


Caſe IV. Given two Sides BC—280 45', and BD= 
53? 26% and the Angle included B=3 4 0 300; 
. to find the reſt. 


This Caſe contains nothing difficult if what goes 
before be well underſtood ; the Analogies being plain 


and eaſy for the Operations, I ſhall ſeave them to 


the Learner's Exerciſe z and paſs on to 


26. Caſe V. Given all the three Sides, BC 380 45, 
DC=—28? 30“, and nnz; 3 263 ; to find 
the Avpgles, 


Jo find the Angle C. 
The Difference of the Legs containing the An 


ſought, is BC=CD=AM=109 15/; then >— — 


==31® go'z, and WA ge 35 2 — 


according to the Analogy for this Caſe in che Synop- 
fis, proceed thus; 


The Sine of the Side. . . BC=382 45 45'=9. 296571 
Add the Sine of the Side DC=28® 30'=9. 678663 


The Sum is the Log. of sBCxsDC=19.47 5234 


. the Sine of Ee =31 ® 50'1=9. 722283 
Add the Sine of . 01 =21® 35'z=9.565830 


— nn 


—19.288119 
Then 


The Sum i is 8 


EN+AM 16 BD— ANI 
2 2 
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Then fay 3 ; 


Als io SBC x $DC=19.47 5234 
is to the Square of Radius. * Rqaz20. 


| ; BD+AM ._, . BD—AM 
. 8 2 *— 2 19.288119 


—— 


zo the ſquare Sine of x the 8 
Angle ſought 1 5 .. $qzxC==19.812885 


The half whereof is. . $iC=53® 44 9 906442 
Wherefore the Angle ſought is C10) 28/; cr 


more compendiouſly thus, by the Arithmetical Con- 
' plement of the Sides BC, and DC. 


27. The Sine of BC=38? 45'=.0.203429 Co. Ar. 
The Sine of DC=28? 30'/=.0.321337 Co. Ar. 
The Sq. of Radius Rq =20.000000 


The Sine of — =31® 5029.722283 


The Sine of — 


2219 35/129. 368836 


The Sum of all 591 C 19.812885 


Therefore 16 C253 44 20. 906442 * 
'” | Conſequently . . . C=107? 28'; the ſame as before. 


51 Having found one Angle, the others are eaſily found 
; by the former Caſes. 


' Note, By Caſe I. the Angle C was found to be 
107* 3o', which is but 2“ different from what it is 
found by this Caſe z Whence the Reader may obſerve 
the wonderful Certainty and Agreement of the moft 
different Methods of Calculation, and from the great- 
eit Diverfity of Data. 

I 


23, 
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28, The ſixth Caſe is but the fame with this, if 
the three Angles given be changed into Sides, taking 
for the greateſt Angle in that Triangle and greateſt 
Side in this, their Supplements to 180 Degrees. 

29, Having thus ſhewn the beſt Methods, both for 
Exafneſs and Eaſe, of reſolving the ſeveral Caſes of 
Kight and Oblique-angled Triangles, I ſhall leave the 
Application thereof to the various Problems of Aſtro. 
nomy, Geegraphy, Dialling, Orthadromics, &c. for 
the Learner's own Recreation; as being in it ſelf ve 
eaſy, if what is here taught be underſtood ; and alſo 
beeauſe I have both demonſtrated the Theory, and 
very cloſely applied the Dofrine of Spherical Trigo. 
nometry, in the 2d Vol. of my Young Trigonometer's 
Guide, printed for Mr. F. Noon, at the White Hart, 
in Cheapfide ; and which I recommend to all unac- 
quainted with, and who would have a good Notion of 
the noble and moſt uſeful Art of Trigonometry. 
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CHAP. XII. 


MERCATOR's SAILIMG performed by the Ca- 
NON of LoGARITHMIiC TANGENTS, with. 
out the MERIDIONAL PARTS. 


I. HE Property of Mercator*s Chart is its hav- 
| ing the Degrees of Latitude increaſed in the 
fame Proportion as a Degree of. Longitude decreaſes 
from the Equator to the Pole. Which Proportion 
is that of Radius to the Co-Sing of Latitude; or, of 
the Secant of the Latitude to the Radius; which is 
thus demonſtrated. | 
2. Let AEB (Fig. VIII.) be a Sector in the Plane 
of the Equator, made by the Interſections of the 


Planes of two Meridians therewith, viz. AE, a! 
B. 


the! 
rale. 
ever 
the t 
migh 
5 

ſhou] 


are ſe 


4. 
tude 


on t 


the S, 


Ch. XIII. of LoGARITHMICTANGENTS. 201 


BE, whoſe Inclination, or Angle BEA, that is, the 
Arch of the Equator AB is = 1 Degree. Alfo let 
EC be the Radius of any Parallel of Latitude; then 
ſhall DC be an Arch in that Parallel ſimilar to (AB) 
one Degree of Longitude in the Equator, or it is 
that Degree diminiſhed. Now (from the Elements) 
the Arch AB is to the ſame diminiſ'd in the given 
Parallel DC, as the Radius of the Equator AE to 
the Radius of that Parallel CE; but ſince AEz=E C 
(AC being the given Latitude) and becauſe of fimilar 
Triangles EcC and ESA, therefore Ec (EA) : EC :: 
ES: EA:: AB: DC. But EC= F.c, the Co-Sine 
of the Latitude AC, and ES the Secant thereof ; 
therefore, Sc. which was to be demonſtrated. 

3. And becauſe in Mercator*s Projection or Chart, 
the Meridians and Parallels are all repreſented by pa- 
rallel Right-Lines, the Arch CD in every Parallel is 
ever equal to that in the Equator AB; therefore that 
the true Proportion between Longitude and Latitude 
might be preſerved on this Chart, as on the Globe it 
ſelf, *twas neceſſary the ſeveral Degrees of Latitude 
ſhould be ſuch as belong to thoſe Circles whoſe Radit 
are ſeverally equal to the Secants of thoſe Latitudes. 

4. Let A = the Arch of one Degree in any Lati- 
tude 3 a, b, c, &c, = the ſeveral enlarg'd Degrees 
on the Meridian; R = Radius; and S, s, 5, Sc. 
the Secants of thoſe Latitudes. Then it will 


Alſt: 4 :: R: 8. Therefore we ſhall have 
be Azd: h:: Res. 3A: a“ e:: 3R: S 
Agzd : c:: R: 5, &c. ) sg. 

That is, the Sum of the Secants of 1, 2, 3 Degrees 


8 always equal to the Diſtance of the Parallel of thoſe 
three enlarg d Degrees from the Equator. And con- 


{quently by a continual Addition of the Secants of 
F 13, 224, 3% Fe. or their Doubles 1“, 3, 5 7', 


Sc. the Line or Table of Meridional Parts may be 


made; and by ſome has been made in this manner 


IF & tor 
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for every Minute of the Quadrant ; but a truer way 
is that delivered in Chap. X. of the Theory, which 
ſee. 

5. If then you draw any Line AB (Fig. X.) to 
repreſent an Arch of the Equator, as ſuppoſe 60 De. 
grees; and on every tenth Degree be erected Per. 
pendiculars, theſe ſhall be the Meridians; on which 
if the Degrees of Latitude, enlarg'd in the Manner 
and Proportion above deſcrib'd, be ſet off; and thoſe 
Diviſions join'd by Right-Lines, repreſenting the 
Parallels of Latitude, Mercator's Chart will be con- 
ſtructed for the given Longitude and Latitude; and 
a Meridian thus graduated, 1s what 1s called the 
Nautical or Meridian Line, T his Chart, as her: 
drawn, includes 60? Longitude, and 80? Latitut, 
that the Reader may have a perſpicuous Idea thereof, 

6. Now ſuppoſe F be the Latitude whence you 
ſail, and C the Latitude you arrive to, on the Rhumb 
FC; *tis plain there will be formed a Right-angled 
plain Triangle FCD, wherein FD is the enlarg'd D 
ference of Latitude, and CD the true Difference if 
Longitude, and the Angle CFD the Courſe or Rum; 
and therefore any two of theſe being given, the ret 
are found by the Analogies of plain Triangles betore- 

oing. 
* e every Degree is equal to 60 Minutes or 
Nautical Miles, let the proper Difference of Latilude 
be reduc'd to theſe Parts, and ſet (off the ſame Scale 
as AB was laid down by) from F to E, and draw 
EK parallel to DC; fo ſhall there be form'd another 
Right-angled plain Triangle FEK ; in which FE" 
the proper Difference of Latitude; EK the Departure; 
KF the Diſtance fail'd on the Rhumb or Courſe EFK. 
Any two of which Parts being given, the others arc 
to be found as aforeſaid. 

8. And theſe two Triangles FCD, FKE, com- 
prehending all the Particulars of Mercator*s Sailing 


tis obvious enough how they are all reſolv'd, — 
; J 
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by Projection or Trigonometrical Calculation; but my 
Purpoſe is here to ſhew, that without thoſe common 
Methods, they are all to be reſolv'd by the Canon of 
Logarithm-Tangents only ; in order to which, the 
| following Articles muſt be premis'd and duly ob- 
ſerv'd, vg. 
9. Firſt, That it has been ſhewn, the Nautical or 
Meridian Line, or Scale of Mercator's Chart, is no 
other than a Scale of Logarithm-Tangents of the 
| Half-Complements of the Latitude. Secondly, that 
ſuch Logarithm-Tangents of Mr. Brigg's Form, (or 
thoſe in common Uſe) are a Scale of the Differences 
of Longitude upon the Rhumb, which makes an 
Angle of 310 38 9“ with the Meridian. Thirdly, 
the Differences of Longitude on differing Rhumbs, 
are as the Tangents of the Angles of thoſe Rhumbs 
with the Meridians; as is evident from the Triangle 
FCD (Fig. X.) And fourthly, that the Logarithm- 
Tangent of the Angle 319 38 9”, viz. 10.101104 
„ss conſtant Factor in theſe Computations. On theſe 
Pemiſes *tis eaſy to operate the Propoſitions of Mer- 
„an, Sailing, as follows. 
cl 10, In Fig. 11. let F repreſent the Ligard's Point, 
e. whoſe Latitude North DF=49*® 55; ; alſo let K re- 
preſent Barbadoes in Latitude North 130 10'=CK ; 
WW then is FE = the Difference of Latitude; CD the 
it Difference of Longitude; and EFK the Angle of 
ade the Rhumb, FK with the Meridian. Laſtly, let FO i 
abe the Rhumb making an Angle of 329 38' 9” with th 
het the Meridian ; or that on which the Difference of 
-* If Longitude QD is the Difference of the Logarithms 
of the Tangents of half the Complements of the Lati- 
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bs tude PF, PK, or PO: Then, 

11. Caſe I. Given the Latitude of the Lizard, if 
"= 49? 55' N. and that of Barbadoes 130 10'N. ol 
4 and their Difference of Longitude 53? 00'= th 
her D d 2 3180 
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3180 Nautic Miles: I demand the Courſs 


and Diſtance faiPd ? I 
C The Lat. _ the Halfs. 
CK=19* 10, PK=76* 5 35, 250 
DF=49® 55 PF =40" of 2/1 


O 
Then the Log. Tangent of $ 205 275 bog 


The Difference of which is. QD=3372,60 


(Note, The four firſt Figures are Integers, according 
to the Theory) | 


Then fay, for the Courſe KFE ; | 
As the Diff. of Log. Tang. QD=3 372,6=3.52795; WM to | 


to the given Diff. of Long. CD=3180=3. 3024701 \ 
So is the conſt. Tang. of OFE=51? 38” g'=10.101;108 An 
-g bet 

3. O0, Rh: 


to the Tangent of the E #7 
Courſe ſought (KF — 59'3==10.07 597 - 


Secondly, For the Diſtance FR. 
The Difference of Latitude is 49 55/—1 3® 10'= 


36? 4522205 Miles; A 
Say, as Radius...... | IO. to 
to the Diff. of Lat. EF==2205=3.34340 2 

2 e KFE=49 59' 10 10.191807 | 

to 


to the Diſtance faild ' FK=3429,38=3.53521Y Ther 


By this Propoſition you eſtimate the Courſe a Si Sul 


muſt ſteer, and the Diſtance of her Port. 


12 
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12. Caſe II. Given the Latitude of the Lizard 
49? 55' N. and of Barbadoes 139 100 N. and 


the Courſe 490 59'z, to find the Difference of 
Longitude, and Diſtance failed. 


Things being prepared as before, ſay 
As the Log. Tang. of OFE=51*® 3809. 101810 


— — 


9 off KFE=49® 50, 10'=10.075972 


Sois the Diff. of the r 


Tang. of the + Comp. & QD=3372,6=3.527965 
of the Latitudes — 


3.003937 
to the Diff. of Long. required CD==3180= 3.502427 


Which converted into Degrees makes 33 oo”. 
And ſo much is the Difference of Motion or Time 
between theſe two Places. The Diſtance on the 
9) Rbumb will be found 3429, 38=FK,'as before. 


13. Caſe III. Given the Latitude of the Lizard 


917 49 55'N. the Diſtance failed 3429,38 Miles 
on a Courſe 49? 59' 10” Southweſterly, *tis 
required to find the Latitude and Longitude 

oa of the Place to which the Ship is arrived. 


. 10. 
to the Diſtance ſailed FK 3429, 38 23.333216 


So is the Co- Sine of 1 
the Courſe ; n 59 10'=g-lo819g 


to the Diff. of Latitude FE=2205==3. 242409 


Then from the given Lat. of the Lizard 49® ;5/ 
Subd. the Diff. of the Lat. 22052236450 


There remains the Lat. ſought .. . =13® 100 
And 


Is. 
— = 
+4 


"wu — —— — 


= 


— 
— — — 


= — . ac ISS: 


—— 
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And having thus obtained the Latitudes, the Dif. 
ference of Longitude will be found, as per Caſe IT. to 
be 3180 Miles or 53 Degrees; and ſo the Operation 
needs not to be repeated. | 

14. If it ſo happen that the Ship paſſes the Equa- 
tor, and conſequently has one Latitude North, the 
other South; then obſerve two things; firſt, that 
both the Complements of the Latitudes are to be 
eſtimated from the ſame Pole of the World. And 
therefore, ſ:condly ; ſuppoſe you fail from a North. N 
ern to a Southern Latitude, you muſt add go? to the i 


former, and ſubſtract the latter from 90; then ſub. C 
ſtra& this Sum and Remainder from 180, and take th 
the Difference of the Logarithm-Tangents of half W (2 
the Remainders, as before. Va 


15. Caſe IV. Suppoſe I fail from Latitude 48 3o'N, 
to Latitude 230 45'S. on a Courſe 43 0 
Southweſterly; required the Difference, Lan. 
gitude, and Diſtance ſailed? 


Then 48? 30 ＋9O = 128 30“; and go—23® 45'= 
66? 15%. And 

180— 66? 153/2113945 77 6 56621210. 18410 

180—128® 30 51 30% 25* 45' = 9.683350 


The Diff. of thoſe Tangents1s . . . 5020,54 


Therefore ſay, for the Difference of Longitude; 
As the Log. Tangent of 31 389% 10.101510 whic] 


is to the Diff. of the Log. Tang. 5020, 5423 700750 * 
So is the Tang, of the Courſe 43 50/=9.982 309 05 « 


3.68 30D. 


to the Diff. of Long. required 38 13,5 23.58 13% ner th, 


That is, in Degrees, 2 80 3 5's, 
To 
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To find the Diſtanee fail'd ; ſay, 


As Radiuus , 10. 
to the Sum of the Lat. 72 194335 3.636989 
So is the Secant of the Courſe 430 0 10. 141849 


to the Diſt. ſail'd in Miles, 6009, 5 3.778838 


16. Thus you have all the Practical Caſes of 
Mercator's Sailing performed by the Canon of Loga- 
rithm-Tangents only, without the Meridional Parts or 
Chart, as in the common Way. And fince this is 
the moſt exact, and natural Method of Navigation 
(next to the Globular Chart it ſelf) and wholly reſol- 
vable by Logarithms, it adds not a little to the (be- 
fore invaluable) Eſtimation of thoſe excellent Num- 
bers; and renders their Uſe to Navigators more ne- 
ceſſary than before. 


RN AIV. 


10 WW Of the MENSURAT ION of SUPERFICIES and 
350 SoL1D BoOoDIES by LoGARITHMS. 


3 WW 1. A Mongft the Variety of Methods for meaſuring 
the Surfaces and Szlidity of Bodies, I intend 
here to ſhew the Excellency of that by Logariihms ; 
which may juſtly be allow'd the Preference to all o- 
thers in point of Kaſeand Brevity, Advantages none 
of the leaſt in common Eſtimation. And ſince theſe 
Operations conſiſt altogether in Multiplication and 
Diviſion, I need not here repeat them by the Inſtru- 
ments, as having already largely ſhewn the Man- 
ner thereof in a Chapter particularly on that Head. 
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a. To meaſure a SqauAꝶE, Fig. XII. 


The Logarithm of the Side multiplied by 2, gives 
the Logarithm of the Area or ſaperfial Content. 


Examp. Let the Side of the Square be AB = 31, 3). Ar 
Then the Logarithm of AB=31,57=1 499275 4 


which multiply by 42 
ee Th 
The Product is the 
N f ABCD=996,66=2.9985;0 Ad 
Th 
3. To meaſure a PARALLELOGRAM, Fig, XIII. k 
The Sum of the Logarithms of the Length and 
Breadth is the Logarithm of the Area. 6, 
Examp. The Length * and Breadth BC , * 
31,57. 
Jo the Log. of the Length AB = 41, 5=1.618048 0g 
add the Log. of the Breadth BC=31, 570m. 49927; E. 
d 
The Sum isthe Log Tb. 
of tha! "yi FABCD=1312,155=3-117323 4g 
O t 
4. To meaſure a RRomBus ABCD, Fig. XIV. Add. 
The Sum of the Logarithms of a Side and tht WF The | 


Perpendicular Height, is the . of the 
Area. 


Examp. Let the Side AB=15,5 3 and the Perpen- 
dicular BE=1 3,42. in 

Then to the Log. of the Side AB=15,5=1.19033? 

add the Log. of the Perpend.BE=1 3,42=1.12775! Th, 


veral 
Theta ths Area of . . 203,01 2.31808. 1 
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3. To meaſure a RroMBoIDEs, ABCD, Fig. XV. 


The Sum of the Logarithm of the longeſt Side, 
and perpendicular Height is the Logarithm of the 
Area. 

Exam. Let the longeſt Side AB=19, 5, and per- 
pendicular Height BE=6,07 
Then to the Log. of the Side AB=19.5=1.290035 
Add the Log. of the Perpend. BE==6,07=0.783189 


ere mel] Lunau. 


6, To meaſure a TRIANGLE ABC, Fig. XVI. 
The Sum of the Logarithm of the Baſe, and of 


| half the perpendicular Height (or vice verſd) is the 


Logarithm of the Area. 


Exam. Let the Baſe BC=65,25; and the per- 
pendicular Height AG=21,5 ; then z A8 10.75. 


Therefore, 


To the Log. of the Baſe . . . BC=65,25=1.8145f0 
Add the Log. of half the Perp. AG 10, 721.0314038 


The Log. of the Area 2701,4375 22.843988 
7. To meaſare a CIRCLE ABCD. Fig. XVII. 


=the Diameter. 
In order to this, et P==the Periphery. 
A the Area. 


Then the Rules or Theorems for finding thoſe ſe- 
veral Parts are as follows; 


E e Theo. 


— — — aà—3 — — 
Oe 4 1 — 2 
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Theo. I. 3.1416D=P. Th. IL.0.78 ;4DD=A, 
Theo. III. 0.3183P=D. Th.1V.0.07957PP=A, 11 


Theo. V. VI. 2732 AD. Th. VI. v 12.5664A=P. 


8. Therefore the Diameter AB being given, ſup. MW To 
poſe = 20,15, to find the Periphery P? pe Ad 


Theor. I. I 
"amcter . . {AB=20.15==1.3042; ff Th 
"Rant Naser . neee 


The Log. of the Periphery P=63, 303, Fc. I. 801426 


9. Given the Periphery of a Circle P=63, 303, &. 
to find the Diameter D? per Theor. III. 


To the Log. of the Pe- 
„„ 5 5 6:4 as 

Add the Log. of the 
conſtant Number. 


FP=63. 303, &c.==1.801426 
0 0.3183, Cc. . 50283 


The Log. of the Diameter D or AB=20.1 5=1.30426; 


10. Having the Diameter given, ſuppoſe 20.15 
to find the Area A of the Circle? per Theor. II. 


The Log. of the Diameter . . AB=20.15=1.50427; 
%))!!! on; oe, 2 


The Product is the Log. of ...... DD=2.608550 
To which add the Log. "I Up 
of the conſtant Numb. 0.7854 9.89509 


——— U— 


The Log. of the A- { ACBD=318,89,69c,=2.503641 


rea of the Circle 


II, 
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11, Or thus ſuppoſing the Periphery given, 63, 303, 
Sc. per Theor. IV. w_ 


To twice the Log, of. P=63.303=] 4 1776 


d the Log. of th ſtant 
E Oe COnRaty. 0,07957=8.900749 


—„ — 


12, To meaſure the StzcToR of a Cr RLE AC, 
Fig. XVIII. 


The Sum of the Logarithms of the Radius, and 
the Arch (or of the Arch and half the Radius) is 
the Logarithm of the Area. 


Examp. Suppoſe the Radius AC=12.36, and the 
Arch AB 10, 12; then ;zAB=5,11. 


Then to the Log. of Radius AC=12, 36=1.092018 
\dd the Log. off. ZAB g, 110. 707570 


he Log. of the Area 
of the Sector 


F ACB=—63,2596=1.799588 


z. To meaſure the SEGMENT of a Circle, as 
AFBG, Fig. XIX. 


The beſt way is to find the Centre C; as by this 
heorem, viz. FB —FG=N, then XLS =CG; 


hence C is given; and finding the Area of the 
hole Sector ACBG, (as per laſt Article.) and the 
rea of the Triangle ABC, (per Art. 6.) if the latter 
tea be ſubducted from the former, it will leave 
e Area of the Segment required, AFB. 


Ee 2 | 14. 
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14. To meaſure a SPHERICAL TRTANCGLE, ABC, 


Fig. XX. 


From the Sum of the three Angles A, B, C, take 
180 Degrees; then from the Logarithm of the Re. 
mainder ſubduct the Logarithm of the conſtant Num. 
ber 720; to that Remainder add the Logarithm of 

the Superficies of the whole Sphere; the Sum hal 
be the Logarithm of the Area required, 


9 4 

Exam. Let the A=37 30 517 

Angles be . 2 

© C=60' 45 

Their Sum is. . . . 190? 457 gu 
Subſtrat ....... 180 00 Log. 
There remains .. . 10? 45'— 10,75 = 1.03140) TI 
Subduct the Logarithm „„ 720 = 2.85739 


| 8.174076 
Suppoſe the Superficies of the : =1257,3==3.09943 


Sphere l exp 


The Sum is the “Log. of the 
Arta of the Triangle. c ABC=23,623=1.273515 


15. To meaſure an ELLipsts, as ACBD, Fig. XX. 


The Sum of the Logarithms of the Tranſverl 
Diameter AB, the Conjugate Diameter CD, and tte 
conſtant Number 0.7854 is the Logarithm, of tte 
Area. 

Exam. Let AB=61,6, and CD=44,4. 
Then dd the Logarithms of ) CD a. 000 Side 
LN. 78 = Fab 


The I cg. of the Area 


- of EIlipſis =2148, 1004, Sg 837. 


| 
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16. To meaſure a PARABOLA, as ACD, Fig. 22. 


From the Sum of the Logarithms of the Baſe AB. 
the perpendicular Height CD, and the Number 2, 


ſubſtract the Logarithm of 3; the Remainder is the 
Logarithm of the Area. 


Exam. Let AB=61,6, and CD44, 4; as in the 
Ellipſe. 

AB=61,6=1.789581 

Then add the Logarithms of CD=44,4=1.647383 

Þ-:- and N. 2.=0,301030 


3-737994 
Subſtract the Logarithm o 3==0.477121 


The Log. of the Area required 1823, 36= 3.2608 73 


„. ro meaſureanyR ECU LARPOL YGO, Tig. XXIII. 


In order to this the following Table will be very 
0 expedient. | | 


— \ Sides. } Names. { Numbers. 
os A 3 5 | Pentagon. 1.7 2048 
od. 6 | Hexagon. 2.59808 

XI. * 4 A RS.  Fleptagon. | 3.63896 
my 7 * 1 Octagon. 4.82843 
vert N. : | any 9 | Enneagon. 6.18183 
d tl Pf. bo 10 | Decagon. 7.69421 
t tte oly son. 11 | Endecagon. | 8.51425 
EW Dodecagon. | 9.33012 


5950 Then the Sum of double the Logarithm of the 
7 Lide of the Polygon, and of the Number in the 
95% Table proper to it, is the Logarithm of the Area. 
ram. Let the Pentagon ABCDE be propoſed, 
320. and let its Side be AB=14,6. _ 
VVV El! 
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Then twice the Logarithm of AB 14, 6 ; 4 8 3 53 
Add the Log. of the 7atularNumb.1.72048=0.2 35645 


The Log. of the Area required = 366,74=2. 564353 


In the ſame manner you find the Area of any o- 
ther Polygon mention'd in the Table. 


18. Of the Mx NSVRATIONY of SOL1Ds. 


1 To meaſure a CuꝝE ABCDFGE, Fig. XXIV. 


Three times the Logarithm of the Side is the Loga- 
rithm of the Solidity. 
Exam. Let the Side AB = 31.57 1.499275 
0 <= ><: 1 3 


—— 


The Log. of the Solidit y.. 31464,81 4.497625 


19. To meaſure a PARaLLELoPIPEDON AD, 
Fig. XXV. 


The Sum of the Logarithms of the Breadlh, 
Depth, and Length, is the Logarithm of the So- 
iidity, | 

Exam. Let the Width AB=21,56 ; the Length 

AG=31,57 ; and Depth GF=9,03. 
; AG=31,57==1.499275 
Then add theLogarithmsof AB=21,56=1.333049 
| GF= 9, o3 . 935688 


The Log. of the Solidity 


enn 


20. To meaſure a ParsM ABCDEF, Fig. XXVI. 


Firſt find the Area of the Baſe, whether a Triangle, 
Sguare, &c. Then the Sum of the Logarithms hs 
| the 


6146, 262 33.788615 
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the ſaid Area, and Length of the Priſin, is the Lo- 
garithm of its Solidity. 


Exam. Suppoſe a Priſm of a triangular Baſe, as in 
the Figure, then let its Area be ABC=j01,4375, 
and its Length BD=70,15. 

Then add the Loga- ; ABC=701,4375=2.845988 
rithms of both . . . & BD= 70, 15 =1.846028 


The Log. of the Solidity=49205,84,&c.=4.6920 16 


21. To meaſure a PV x ami ABCDE. Fig. XXVII. 


Firſt find the Area of its Baſe, whether triangular, 
quadrangular, &c. then the Sum of the Logarithms 
of the Area of the Baſe, and 5 of the perpendicular 
Height, is the Logarithm of the Solidity. | 


Exam, Let the Priſm have a quadrangular Baſe 
ABCD=342,25; and the perpendicular Height ö 


. 


| GE=180; then 4 GE—60. þ 
Therefore add the Lo- ; ABCD=342,25=2.534 343 7 
garithms of. ...... 3GE=6o0=1.778151 | 
« The Log. of the Solidity 4 =20535=4. 31 2494 i 
22, To meaſure a CYLIN DER ACBDEF, f 
th Fig. XX VIIT. f 


75 The Sum of the Logarithms of the Area of its 
40 Baſe, and of the Height, is the Logarithm of the f 
gg Nlidity. 1 
Exam. Let the Area of the Baſe be 380, 1 5=AGBH ; ; 
| and the Height BD=50,05. 

Then add the Loga- 5 AGBH=380,15=2.579955 


1 . BD=;0,0;5=1.699404 
9, og. of the Solidity . . . 219026, 507 5=4.279359 
2 of 


22. 


the 


„„ „eee 
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22, To meaſure a Cont AEBFD, Fig. XXIX. 


The Sum of the Logarithms of the Area of the di 
Baſe, and J of the perpendicular Height, is the Lo- ly 
garithm of the Solidity. At 
Exam. Let the Area of the Baſe be 100.7 5=AEBF; ¶ wi 


and the perpendicular Height CD 9, 98; and 
therefore CDG, 65. 


25. 

Then add the Loga-5 AEBF=100,75=2.00324; Ml * 
3, SEPT HY i 3CD=6,65=0.82282: 

—— | 

The Sum is the Log. of the 7 | 4 

—BS 669.987 5=2.82606 wo 


23. To meaſure the Fausrum of a Pyramid. 
Fig. XXX. 


If it be a ſquare ( D Side of the greater Baſe AB, 
Baſeas BCD, Ja Side of the leſſer Baſe EF. 
then put . . . CD—d=xand H the Height GO 

Then we have this Theorem Dd+3xx x H= th: 
Solidity. 

Exam. Suppoſe D=50, d=21; and H=105,6; 
then D—d=x=29. 

D =5;0. .=1.698970 


Then add the Logarithms of | =21 , ,==1.322219 
H=—105,6=2.02 3664 


The Logarithm of . . . . DIH=110880=5.0448;; 


Again,add theLogarithmsof j Ixx—280,3==2,4470" 


H=105,6=2.02 360 
The Logarithm of .. . . 3xzxH=29603,2=4.4713;/ 


To Whith acc. DdH=1 10880 


The Sum is. Ddr AKH = 14048 3,2 the Soi: 
dity required, 


NA 
o 
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24. But if the Baſes of the Fruſtum be triangu- 


lar; the Theorem is Dd Ax x 0,433H=the Soli- 
dity. Again, if the Baſe be any of the regular Po- 
lygons; then put N = the Number in Table at 
Art. 17. proper to the Polygon, and the Theorem 


will be Da T x NH=the Solidity. 


25, To meaſure the Fruſtum of a RioHT CovNE. 
Fig, XXXI. 


Let D==the Diameter of the oreat Baſe AB, and 
d=the Diameter CD of the Jet Baſe; D—d==x, 


and H the perpendicular Height, as before; then 


the Theorem for the Solidity will be 
or thus Dd+3xxx0.78 54H =Solidity. 


1,27323 


| Exam. Let AB=16, CD=12, and GO=9 : then 


Dd+3xxxH, 


D—d=x=4; and 3xx=5,3: alſo Dd=192; and 


ſo Dd+4ixx=197,3. 


Dd-+ixx=197,3=2.295199 

hen add the Loga- 

Then add * ö o. 7854 9.895091 
68. 0. „ | H == 20.954242 


The Log. of the Solidity . . 21394, 8704 23.144532 


26, To meaſure a GLohR or SPHERH ACBD, 
; Fig. XXXXII. 
The Sum of the triple Logarithm of the Diameter, 
and the Logarithm of the conſtant Number 0.5236 
s the Logarithm of the Solidity of the Sphere. 


Exam. Suppoſe the Diameter of a Sphere AB= 


| 50,37. 


F F Then 
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AB=50,37=1.702112 


Then add the Logarithms 1.702172 ſo 
I.702172 

o, 52 36. 9. 18999 E 

eee | 

The Log. of the Solidity p __ | 

of the Sphere AD B-6.0 4 {=6691 3,8 4.825515 f Tt 

Th 


27. To meaſure the Superficies of a Sphere. Th 


The Sum of Logarithm of double the Diameter, WW Th 
and the conſtant Number 3.1416, is the Logarithn 


of the Superficies of the Sphere. 30 

Exam. Let the Diameter AB=50.37. A 

| AB==50.37==1.702171 lidit 

Thenadd theLogarithmsof 1,70217: the! 
3,1416==0.49715i 


The Log. of the Superficies . . . . 7970,7==3.90149; 31 
28. To meaſure the SEGMENT of a Sphere, Tl 
Fig. XXXIII. neter 


C—Half the Diam. of the Segment's Baſe E3, 


D=The Axis or Diameter of the Sphere CO Poldi 
Let 
H= The Height of the Segment ED. 


Then we have the two following Theorems for find 
ing the Solidity. 


* Theor. I. 3CCHT H x0.52 36 the Solidit 
Theor. II. 3DH*—2H' xo. 52 36 the Solidit 


The I. 
29. To meaſure a SpHREROTD ACBDA, 
Fig. XXXIV. 


The Sum of the double Logarithm of the Li: 


the Logarithm of the Greater Diameter, a on t 
conſte 
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inſtant Number 0.5236, is the Logarithm of the 
ſolid Content of the Spheroid. 


Exam. Let the leſſer Diameter CD33; and the 
greater Diameter AB gg. 


Then the double Log. of CD=33\ 7519514 


=I.518514 
The Logarithm o ß AB = 55 = 1. 740363 
| The Logarithm of 0.52 36==9.7 19000 


The Log. of the Solidity . . 23 1361,02 24.496 391 
| 20, To meaſure the SEGMENT of a SpHEROT D. 


As the Solidity of the Sphere AFBE is to the So- 
lidity of its Segment AGK ; ſo is the Solidity of 
the Spheroid ACBD to its like Segment AHI. 


31, To meaſure a PaRaBoric Cox op ACBD, 
Fig. XXXV. 


The Sum of the double Logarithm of the Dia 
neter of the Baſe, the Logarithm of the Height, and 
infant Number O. 3927; is the Logarithm of the 
{Wolidity of the Conoid. 


ram. Let the Diameter of the Baſe AB=5;; ; and 
its Height CD—3 3. 


hen the double Log. of . . .AB= 55 an 24 
=1./ ; 


Ahe Logarithm of ß 2. CDa=33=1:518514 
= Loganthmof......-- 0.3927=9. 594061 


Ihe Logarithm of the Solidity 39201, 44.393301 


Ff 2 32. 


Dre 
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32. To meaſure the FRusTUM of a PaR aBoLrc 
Conoin, Fig. XXXVI. 


— Diameter of the greater Baſe AB 


Tothisend, let d =Diameter of the leſſer Baſe CD. / 
(HS the Height of the Fruſtum FE x 

| | r 

Then wehavethis$ DD--ddxo. 392 7H=theSolidiy o 
33. To mcaſure a ParanoLic SeinDLE, Wi 1 

Fig. XXX VII. We 
The Sum of the double Logarithm of its Thick T 
neſs, the Logarithm of its Length, and the Logz 

rithm of the conſtant Number 0.41888, 1s the Ly A 

garithm of the Solidity of the Spindle. 

Exam. Let the Diameter of its greateſt Circle, «if 
Thickneſs AB=43,45 3 and the Length CD- A 
50,075. | 

Then the double Log. of AB=4 3,45} =1.03799 T 

1.03/90 

The Logarithm of ..... CD=50,075=1.69962 | 

The Loganithm of... 5.5 0.41888=9.62200F an; 

— th 

The Log. of the Solidity . . 239599, 6 4.59700 2 

| the 


34. To meaſure any of the Five RGuLAR Bonit: 
Fig, XXX VIII. 


For this purpoſe the following Table is neceſſary. 


Names. J rSuperficies. cr Solidity.) 


5 
| Tetrahedron 1.73205 |0.11785 
Octahedron 34 3.46410 {047140 7 
Hexahedron 6.00000 | 1.00000 
Tcoſihedron 8.66025 | 2.18169 
Dedecahedron, (20.643573 n 


* 
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Exam. Suppoſe the Side AB=12, of the Icoſabedrou, 
Fig. XXXVIII. 


The Sum of the Logarithm of the tabular Num- 
ber, and double Logarithm of the Side is the Loga- 
rithm of the Superficies ; and the Sum of the Loga- 
rithm of the tabular Number, and triple Logarithm 
of the Side, 1s the Logarithm of the Solidity. 


Thus the double Log. of. A 188181 
1.07 


The Log. of the tab. Number . . 8, 6602 52.937530 


— !?: H— — 


The Log. of the Superficies =1247,0088=3.095892 
Again the Logarithm of ,.. AB=12=1.079181 


J 


3-237 543 
Add the Log. of the Jab. Numb. 2.18169==0.338793 


The Log. of the Solidity . .=3769,9458= 3.57633 6 


35. Theſe Propoſitions are ſufficient for meaſuring 
any Superficies or Solid Body in common Uſe; and 
the great Eaſe and Conciſeneſs of performing the 


fame by Logarithms, is abundantly manifeſt from 
theſe Examples. 


55 


C HAF. 
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ODE Drees 


CHAP. XV. 


The DocTRINE of MENSURAT10N applied t; 
GaucinG, MEASURING T1MBER, and 
SURVEYING; wherein the PRACTICAL Us: 
of the PLAIN SCALE and SLIDING Rury, 
for theſe Purpoſes, is clearly explain d. 


1. IN the preceeding Chapter you have the prac- 

tical Method of abſolute or general Menſuration 
of the Content of Superficies and Solids, laid down in 
divers Propoſitions; my Bufineſs is here to apply 
that general Doctrine to particular Uſes as thoſe of 
Gauging, Timber- Meaſure, and Surveying, For tho' 
I there ſhew'd how the Dimenſions of Bodies might 
be expreſs'd in Numbers; yet ſince theſe Numbers 
repreſent divers kinds of Quantities, as Inches, Feet, 
Yards, Poles, Chains, &c. at pleaſure, ſo they are 
equally ſubſervient to thoſe ſeveral Arts above-men- 
tion'd, and muſt be reduced to thoſe Denomnations 
or Meaſures which are peculiar to each. I ſhall begin 
therefore with 


2, Gauging, * 


In this Art the Dimenſions are taken in [aches, 
and Decimal Parts thereof (or muſt be reduced to 
ſuch ;) and by Inches is here to be underſtood /clid 
or cubic Inches; and that as well in ſuperficial as 
felid Meaſure. For though it be improper, geome- 
{rically ſpeaking, to aſcribe Thicknejs to a Superficies, 
the Gaugers always confider them as one Inch dee), 
and accordingly compute the ſuperficial Content in 
Cal z Or folid Mee jr? 

| j 
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3. As Iucbes are the lineal Dimenſions of Gaugers, 
ſo Gallons are the common Quantities of their ſolid 
| Meaſure; of liquid Subſtances eſpecially z and Buſhels 
for ſolid dry Meaſure, as Malt, Corn, &c. Now 
the andard Gallons and Buſbel, as uſed in England, 
ae as follows: the Ale or Beer Gallon =282 ſolid 
Inches; the Wine Gallon = 231; the Corn Gallon 
—=268,8z and the Corn Buſhel = 2150,42 Cubic 
Inches. 

4. From whence it follows, that, ſuppoſing the 
Dimen/ions of the Superficies in the foregoing Chapter 
taken in Inches, the ſeveral Area's, or ſuperficial 
Contents, will by the Gauger be underſtood to be fo 
2 many ſolid or cubic Inches; which therefore if he di- 
on vide by 282, 231, 268,8, or 2150,42, the Quo- 
i WF tients will be the ſeveral Contents in the reſpective 
Gallons or Buſhels. For inſuance, in Fig. XII. the 
of WW Side of the Square AB=31,57 Inches, and the 


0 Area was therefore found (Art. 2.) to be 996,66 
t fold In ches. 


” 282 Y996,66(=3,5;3 Ale Gallons. 

= Conſe- } 231 996,664, 31 Wine Gallons. 
en- quently 268,8 )996,66(=3,707 Corn Gallons, 
2150,42)996,66(=0,46 Corn Buſhels, 


5. But ſince Multipliers are the Reciprocals of Di. 
vſors, therefore Unity divided by theſe Diviſors will 
produce ſo many Multipliers. Thus, 


282 )1,00000(=0.003546 the Mult. for A. Gall. 
231 J1,00000(—=0.004 329 the Mult. for W. Gall. 
2688 J1.00000(=0.003722 the Mult. for C. Gall. 
2150,42)1.00000(=0.000465 the Mult. for C. Buſh. 


Conſequently, if any Area be 


2150,42 0.000465 J inn 


: 282 © 003546) the Area A. Gall. 
Divided] 231 or multi-] 0.004.329 (will be) W. Gall. 
by. . J 268.8 (plied by J 0.003722 ( expreſſed } C. Gall. 


C. Buſh. 
3 6. 


— w_—_ - - 2 — — 
ET 7 MC 
— 


. 2 —·— * 
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6. In order to work theſe Dimenſions by the ar- 
tificial Line of Numbers, either on the Plain Scal:, 
or Sliding-Rule; put B=Breadth, L=Length, D 
Depth or Thickneſs, G=Standard Gallon ; and 
AzzArea, and S Solid Content in thoſe Gallons, 


Sc. Then for Superficres, = — A; and fo LB 


SAG; therefore G: B L: A. That is, the Rr 
tio, or Logarithm of the Ratio of the Standard Gal. 
lon to the Breadth, is equal to that of the Ratio of 
the Length to the Area in Gallons, Wherefore ſu 
poſing B=31,57, L=41,5 (as in the Parallelogran 
Fig. XIII. Art. 3. if you ſet one Foot of the Com- 
paſſes in 282, and extend the other to 31.57, that 
Extent will reach from the Length 41.5 to 4 5 
Gallons, Ale Meaſure. Or, on the Sliding- Rule, 
ſet 282 on the Rule to 31,57 on the Slider, then 
againſt 41,5 on the Rule is 4 & on the Slider, the 
Area in Ale Gallous, as before; and thus the Arc 
is found in Vine or Corn Gallons. | 
7. Again, Since AD=S x 1, therefore 1: A::D:$ 
That is, the Logarithm of the Ratio of Unity 1 to 
the Area in Gallons A, is equal to that of the Kati 
of the Depth (or Height) D to the Solidity (or Ct 
pacity) S, in Gallons of the ſame kind. Where 
fore if B==21,56, L=31,57, D=9,03, as in Pa 
rallelopipedon, Fig. XXV. then G=282 : B 21,0 
:: L=31,57: A=24%s the Area in Ale Gallons ; con- 
ſequently 1:Am=2 :: D, o3: SS=21 7s, the 6 
lid Content in Ale Gallons. Where extend the 
Compaſſes from Unity to the Area 2 *, the fame 
Extent will reach from the Depth 9,03 to the „e 
Conteiit 21 Gallons. Or, on the ſliding Rule, ſet 
Unity 1 on the Rule to the Area 2 4 on the Slider 
then againſt the Depth 9,03 on the Rule you have 
21 r the ſolid Content in Ale Gallons on the Slider, 


Thus the Method of finding the Content or Cabo. Neon 


city of ſquare or rectilinear Area's or Bodies in A's, 
in 
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ine, or Corn Gallons is exceeding plain and eaſy 
e, by the Single Gunter and Sliding- Rule. 
D 8. In caſe of circular Area's, ſince they are all in 
d che Ratio of the Squares of their Diameters; and 
s, ſuppoſing the Diameter of a Circle 1 Inch, the Area 
will be 0,78 54 Decimal Parts of a Cubic Inch; there- 
fore having the Diameter of any Circle given in 
o MW Inches, if the Square thereof be multiplied by o. 78 54, 
. the Product will be the Area of that Circle in Cubic 
of Wt Inches. Let D=the Diameter of a Circle, a=0.78 ;4, 
p- Wt G=Standard Gall. and A=Area of the Circle in 
an WE ſuch Gallons, as before. Then 1 : a:: DD: DDa=Area 
m- in Inches; therefore DDa=GA ; and ſo G: a:: DD 


K- Area in Gallons. But a: G. 1: SS the 


e, Square of the Diameter of that Circle, whoſe Area 
he C. Wherefore fince DD = = A, 


rea therefore if the Square (0.7854) 282.0000(= 359,05 

of the Diameter DD } 0.7854) 231.0000(= 294.12 

be divided by G _ 10.7854) 268.8000{= 342.24 

. 0.7854 )2150,4200({=27 37.92 

(r the ſeveral Diviſors 359,05 3 294,12, Sc. then 

theſe Quotients will be the Area of the Circle in 
cn e, Vine, &c. Gallons. 


1, 9. Or thus, ſince DD x 0 = A; therefore if 
k the Square of the Diameter DD 


7854(0. 
te he multiplied { 255 10:7 $54(0-0027 55 


ſame 4 231 0.78 5400.003389 

falit by G — = 2688 0.78 5400.002922 

e, {tt 12130, 42)0. 78 540.0000036 

ider the ſeveral Products will be the Area in Ale, Wine, 


Sc. Gallons, as before. Suppoſe the Diameter of 
Circle D=;0 Inches, then DD=2 500 ; and put the 


inſtant Diviſor - = dd = 359,05 ; 294,12, &c. 
G g Tien 
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Then fince 1 x DD =ddA, therefore dd: DD | 
: A=the Area in Gallons. Therefore with the Com. 
paſſes ſet one Foot in 359,05 extend the other to 
2590, the ſame Extent will reach from 1 to 6 &; = 
the Gallons in the Area of the propoſed Circle. 


10. Otherwiſe thus; put 8 = dd = 0.002785; 


0.002389, Sc. (ſee Art. 9.) then becauſe DD4i 
= A x1; therefore we have 1: DD:: ad: A; or 
1:4d::DD:A. If then you ſet 1 on the Rule to 
0.00278 on the Slider, you will ſee againſt 2500 on 
Rule 6 , on the Slider, the Gallons of Ale in the 
Area of that Circle; and thus you find the Gallons 
of Wine, Corn, &c. both by the S/:ding- Rule and 
Plain Scale. | | Ll 
11. Again, putting H = Height of a Cylinder, 
and D = the Diameter of its circular Baſe ; alſo $ 
= the ſolid Content or Capacity in Gallons , then 
dd:DD::(1:A:) H: S. Now let D go Inches, 
and H=15, the Area of ſuch a Cylinder will be 
thus found by the Sliding- Rule. Set 359,05 on the 
Slider, to 2500 on the Rule; then againſt 15 on 
the Slider, is 104 on the Rule; and ſo many Gal. 
lons of Ale would ſuch an hollow Cylinder contain, 
12. But ſince dd:1::DD: A, (Art. 9.) there 
fore d:1::D:yA; and for the ſame Reaſon d 
H:: D: 8. Conſequently, if a Angle Line i 
Numbers be made to ſlide by a double one, ii you ſet 
d on the ſingle one to 1 on the double one, then againſt 
D on the former, you have A on the latter. Allo, 
if againſt d on the ſingle Line, you ſet H on the 
double one; then againſt D on the former, is 8 on 
the latter. By this means therefore, having only 


the Diameter and Height of a Cylinder, the Area of Wmi 


the Baſe, and ſolid Content of the ſaid Cylinder, 1s 
immediately known. The Reaſon of the Mon 
: rt 
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here delivered, appears from what has been already 
ſaid in the Chapter of Inſtrumental Operations. 
13. Now d = = 
„ 35995=18,95 Which Numbers Ale Gall. 
v 294,12=17,15| are called the] Wine Gall. 
342, 2418. 5{ Gauge Points) Corn Gall. 
72737, 92252, 32 for | Corn Buſh, 


And accordingly on the fingle Line of Numbers a- 
gainſt thoſe Gauge Points there is a ſmall Stroke (0, 


fignify they are the Gauge Points for Ale Gallons, 
Mine Gallons, and Malt Buſbels. 

14. Therefore in the foremention'd Cylinder, whoſe 
Height H was = 15 Inches; and the Diameter of 
50 its Baſe D go; in order to find the Area of the 
Baſe, and Capacity of the Cylinder in Gallons, by 
the Sliding-Rule; ſet 1 on the Slider to the Gauge 
e Point for Ale 18.95 on the /ingle Line, then againſt 
the Diameter D = 50, on the ſingle Line is 6 # on 


4 the double Line on the Slider, the Gallons of Ale in 
Mi the Area of the Baſe. 

5 Secondly, Set the Gauge Point 18.95 to the Height 
ro. 5 on the Slider, then againſt the Diameter 30 on 
: the fingle Line is 104 =S on the double Line or 


Slider; therefore the Capacity of the Cylinder is 
? 1 Wo Gallons, Ae-Meaſure, as before. | 
15. Or thus, with the /fing/e Line and Compaſſes 
ainſt only. Set one Foot in the Gauge Point 18,95, and 
\|lo, extend the other to D = 50, this Extent turn'd 
| the twice over from 1 will fall on 6 4 = A = the Area 
S 01 Wof the Baſe in Gallons of Ale. The ſolid Content, 
only Ein this Caſe, will fall beyond the ſingle Line, or elſe 
2 of might be performed in the ſame manner. | ; 
„ "WF 16. With the double Lines of Numbers, on the 
thod Sliding Rule, thus. Set the Gauge- Point 18.95 on 
here the Rule to the Diameter 30 on the Slider, and mark 
te Number on the Slider againſt 1 on the Rule; 
Gg 2 then 


by which are ſet the Capitals AG, WG, MB, to 


* 4 — ſw FW ” _—_— 
* 
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then againſt that Number on the Rule you have 
6 2; = A the Area of the Baſe on the Slider. Alf 
mark the Number on the Slider againſt the Height 
15 on the Rule, then againſt that Number on the 
Rule is 104 on the Slider, the Capacity of the- Cy. 
linder as before; and thus both the Area and Soli. 
dity are found at once ſetting the Rule. The ſame 
is performed by the double Line and Compaſſes 
thus; Set one Foot in the Gauge Point 18,95, and 
extend the other to the Diameter 50, the fame Ex. 
tent will reach at twice from 1 to 6 7s the Area; 
and from the Height 15 to 104 ſolid Capacity in 
Ale Gallons. | | | 
17. In this manner may Gauge-Points be found 
for right · lined Areas: for let any ſuch Area giver 
in Cubic Iaches be called a; then (by Art. 6.) 1 x 
= GA, and ſo G: :: 1: A; or thus G: 1:: 4: ; 


therefore / : 1 V: X. 


Therefore 282 216.79 ao the Gauge * 
J J sie- Point for] N. 
2150.42 466.36 uſh, 
Call theſe Gauge Points d; then d: 1:va:v a= 
the Area in Gallons. Alſo d:v H::v a: vS= 
the'Solidity in Gallons. Whence you may obſerve, 
that right-lined Areas, as well as circular ones, may 
be found in Gallons, by the fingle and double Line of 
Numbers ſliding by each other; but not the Sol 
dity of ſuch Solids, there being three Terms of the 
four variable, in the Analogy for that. 

18. But notwithſtanding this, there is a Method 
whereby the Solidity or Capacity of Solids or Veſſch 
may be found (without knowing the Areas at al 
by the Breadth, Length, and Depth only; which 
call B, L, D; and S = Soliditv, and G S the Gallen 
or Buſhel, as before. Now ſince BDL=GS, therc- 


fore BDS E S=Gx=xS; and ſo Gx7: Form 
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„ D:S. But becauſe * is the Reciprocal of L, 


therefore the Line of Numbers on which you ſeeł 
L muft be inverted ; and becauſe the Logarithm of 
| G is added, the Number G muſt always begin the 
inverted Line, or be placed equal to 1 on the direct 
Line. Theſe things premiſed, tis plain that if Bon 
the Slider be ſet to I on the inverted Line order'd 
as before, then againſt D on the direct Line you 
have S on the Slider. 
19. For Example; Suppoſe a Ciſtern be 80 In- 
ches long, 30 broad, and 40 deep. Quære the Con- 
cent in Buſhels ? 
* Here G= 210, 42, and for the Purpoſe of Mall- 
en Cauging there is on ſome Rules an inverted Line of 
11 Numbers fix'd on one Side the Slider; beginning at 
4.2750, 42 as before ſaid; then on ſuch a Rule fer 
o B on the Slider to 80 = L on the inverted 
Line, and againſt 40 = D on the direct Line on the 
Rule, you have 74=S5=the Number of Buſhels the 
6. N Ciftern will contain. And thus you might proceed 
ih, {Wor Gallons, had you inverted Lines beginning at 
12282, 231, 268.8. W 
20. In gauging Cas, the principal Conſideration 
8. s the Curvature of the Slaves; as ABD. Fig. 
” XXXIX. which Gaugers reduce to four Degrees, or 
erieties, vix. 


Variety I. Thoſe Caſks whoſe Staves are moſt 
curved or bent, are conſider'd as the middle Zone or 
Fruſtum of a Spheroid, ſuch as Fig. XXXIV. 

Variety II. If the Staves are not quite ſo much 
Jsrrcbing or bent, the Caſk is ſuppoſed to be the mid- 
e Zone, or Fruſtum of a Parabolic Spindle, as 
g. XXXVII. | 

Variety III. When the Staves of Caſks are but 
ery little curved, they are reputed to be in the 
Form of the Fruſtums of two equal Parabolic Co- 
maids. 
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noids, join'd together at the wideſt Baſes. See Fg. th 
XXXVI. Li 
Variety IV. When the Staves are ſtrait from the MW no 
Bung to the Head, as the prick'd Lines AB, BD, WW the 
(or very nearly ſo) then *tis plain ſuch a Caſk con- 
fiſts of the Fruſtums of two equal right Cones, ſet 
together at the greater Baſes, Fig. XXXIX. 


21, The Caſks being reduced to theſe four Va. one 
rieties, if you multiply the Difference between the MW was 


—_— = 
- — . nn. — 
bh b — — 
« — — — a = 
CY PR. - 


Head and Bung Diameters aC 
oz, I. yall 

By 45 U for the 2 II. C Variety, ind 

Y Jo, 6 III. Pp | uy 

0.55) - LIV. | * 


and then add the Product to the Head Diameter, ¶ But 
then that Sum ſhall be a mean Diameter, or that of I men 
a Cylinder; whoſe Height and Capacity is equal N goin 
to that of the Caſe, as near as poſſible. Brea; 

22. For Example; Let there be a Caſk ADEC, 
whoſe Bung-Diameter BF = 31.5 Inches, and Head- 
Diameter AG=24,5 ; then their Difference is BF 
—AG=7. 


"7X0.55=28,35 : 
Conſequently } 7 x 0.5 =28,7 T0 2 onſe 


24,5 + }7x0.65=29,05( 5 
| 7x 0.7 =29.4 equal to the Caſk, 9 


Having found the Areas (by Art. 8, 9, 10, 12) to 
be 2,2383 2,2941, Sc. Ale Gallons ; and ſuppo- 
ſing the Length of the Caſk 42 Inches, = HL. s * 


Then the Contents (2,238 5x 42= 94.03 engt 

according to the J 2, 2941 x 42= 96.35 Ale Wont 
ſeveral Varieties ] 2, 3504 x 42= 98.71 ( Gallons. Nine « 
will be.. . . . (2.4073x42=101.10 imbe 
And 
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And theſe being all the principal Articles, wherein 
me Uſe of inſtrumental Logarithms, or the artificial 

Line of Numbers is directly concerned, I ſhall fay 
no more on the Head of Gauging ; but proceed to 
the next Article of 


Timber Meaſure, 


23. Every Piece of Timber is a Solid, like to ſome 
one or other of thoſe, whoſe abſolute Men ſuration 
was ſhewn in the laſt Chapter, viz. The Fruſtum of 
a Cone, a Cylinder, the Fruſtum of a Pyramid, a Pa- 
rallelopipedon, Priſm, &c. 

24. In whatever Form the Piece happens to be, 
find the Content or Solidity in Inches, as there taught; 
which divide by 1728, (the ſolid Inches in one Foot 
of Timber) the Quotient is the ſolid Content in Feet. 
er, ut that the Analogies for Operation by Inſtru- 
- of Wnents may be evident, I ſhall make uſe of the fore- 
ual Meoing Method in Gauging, by putting B = the 

Breadth. D = Depth, L = Length, G = 12, and 
„s Solidity, all in Inches. Then fince == , 
therefore BDL = G*S; but = = the Length in Feet, 


zhich let be FE, then BD = GGS=BDF ; and 


onſequently GG: BD :: F: S. 
Caſt 1 5 Now if the Piece of Timber be in form 
f a /quare Priſm, then the Baſe BD is a /quare 
* umber, which call gg; whence GG: g:: F: S; 
2) OB therefore G: g:: F: S. Wherefore, hav- 
"pp g a ſingle and double Line of Numbers, by the Sli- 
„ Wing-Rule, ſet G=12 on the ſingle Line, to the 
ength in Feet F on the double one ; then againſt 
Ale on the ſingle Line is S = Solidity on the double 
1lons. Wine on the Slider. Example, Suppoſe a Piece of 
imber, the Side of whoſe ſquare Baſe is g = 15 
And Inches, 


1 
inder 
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Inches, the Length 18 Feet= F; Quere the ſolid = 
Content 8? 

Set the conſtant Point G = 12 on the ſingle Line to 
the Length in Feet F=18 ; then againſt the Side gf 
the given /quare Baſe g = 15 Inches, on the former, 
is 28 S = the Number of the ſolid Feet in the 
Piece, on the latter. Or with the Compaſſes, ex. 
tend from 12 to 15 on the ſingle Line, the ſame wil 
reach from 18 to 28 S in the double Line, the 
Anſwer as before. 

26. But if you have no ſingle Line, proceed with 
the double Line on the Siding-Rule thus: Set the 
conſtant Number GG = 144 on the Rule to the given 
Square gg=225 on the Slider; then againſt the Length 
in Feet F=18, on the Rule is 28 =S = the ſolid 
Feet on the Slider. Or, with the Compaſſes, ex- 
tend from 144 to 225, the ſame Extent will reach 
from 18 to 28 the ſolid Feet, as before. Otherwiſe 
by the Analogy G: g:: F: „; thus, ſet the con. 
ſtant Point G=12, on the Rule to the given Sid: 
g=15, on the Slider, and mark the Point on th: 
Slider againſt 15 on the Rule, bring that Point to 
12 on the Rule; then againſt F 18 on the Rule, 
is 28=S on the Slider, the Solidity as before. But 
much better with the Compaſſes, thus; Extend from 
12 to 15, that Extent turn'd twice over will reach 
from 18 to 28 =S, as before. | 

27, If the Piece be in the Form of a Parallz{yi- 
pedon, that is, hath its Breadth and Depth unequal; 
then the common way 1s to add the Depth and 
Breadth together; and to take half that Sum for th: 


Side of a mean Square, Viz, BID =, and the! 


they imagine gg = BD, and ſo meaſure the Piece - 
before. But this is a very erroneous way; and tht 
more ſo, as the Difference between the Breadth an! 
Depth is greater. For fince, (in order to reduce th" 
Piece to 2 /7var2 Priſm) BD = gg; tis evident 

by 
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u BD; that is, a mean Proportional between B 
and D, (for B: / BD:: / BD: D) and not their half 
to Sun —— z as they ignorantly ſuppoſe. 
8 23, For Example; Suppoſe a piece of heton Tim. 
e nin form as aforeſaid, whoſe Breadth is 22,5 In- 
. ches = B, the Depth or Thickneſs 10 Inches = D, 
il i and Length 18 Feet = F; what is the ſolid Con- 
he tent? 

1 29. Find a mean Proportional between B 2, gj and 
ith = 10, (as heretofore taught) it ſhall be g = 15 
che = v BD 3 and therefore G = 144 : g 225 ;: FH 
„en. S S 28, as before. But according to the common 


Nl Bi falſe way, g = — =16,25,and ſo gg=264,0625, 


2 


which is greater than the true Area of the Baſe BD 
= 225 by 39,0625 ſquare Inches, Alſo ſet G=12 


* on the Angle Line of Numbers to the Length F = 18 
keet on the double, then againſt (the falſe) g=16,25 
ol on the former, is 321 = 8 on the latter. But 324 


2 4 Feet more than is really in the Piece. 


: oil. 29, Becauſe BDF = G*S ; therefore BD — 
ul, S; and fo we have G* x - B:: D: S. If then 


But you have an inverted Line of Numbers beginning 
rom from G. 144 placed on one fide the Slider, with a 
each re Line on the other; then may the /olid Content 
In Feet be found by the B, D, and F, as taught in 
fi. Art. 18. hereof, thus; Set B = 22,5 on the Slider, 
ua F=1 8, on the inverted Line; then againſt D 
and 10, on the dire# Line is 28 = 8, on the Slider, 

r the the ſolid Feet as before. 
30. If the Timber be in Form of the Fruſtum of 
ſquare Pyramid, as Fig. XXX. the Theorem for 
its Solidity in Inches is HDd + 4 Hxx, as per laſt 
Chap. Art. 23. Therefore HDd + 3Hxx = G'S 
here S Solidity in cubic Feet) and fince HT 
the Length in R FDd + 3Fxx ” 
h ; 
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G'S, conſequently G* : F :: Dd + 4xx*:S, Example: 
Suppoſe a Piece of Timber 25 Inches ſquare at the 
greateſt end, 9 Inches ſquare at the leſſer End, an; 
20 Feet long, how many ſolid Feet is there in {ich 
a Tree? | 

Here F 20, D4—225, and 3xx=85,7, ther. 
fore Dd+3xx=310,3 3 wherefore G*=144 : F 
2310, 1: 43,1288, the Number of ſolid Feet as g. 
quired. Note, the common way, by ſuppoſing the 


Square of A = Dd + 3xx is very falſe; and!“ 


this Inſtance would not give the Solidity above 40, 
Feet, which is three Feet leſs than the Truth. 

31, If the Baſes of the Fruſtum be Parallelogran;, 
as is the Caſe of moſt Pieces of hew*®d Timber; then 
they may be reduced to Fruſtums of ſquare Pyre- 
mids, thus; Let A = the Area of the greater Baſ, 


a= Area of the leſſer. Then A=, and v1 
d; and Axa = Da; alſo ſince D* + 2 D. 
+ dd = xx, therefore A — 2 / Axaqa==xx ; and { 
notes = —— La conſequently, G F: 


— ßrð̃ß — 


JAVA Na Ta: S the Number of ſolid Fun gl 


in ſuch a Tree. * 
32. For Example; Suppoſe a Piece of ſquard tn. 
Timber be 32 Inches broad, and 20 deep at the rh 
largeſt End; and 10 broad and 6 deep at the leſſer 1 g 
End; the Length 18 Feet; Quære the ſolid Content? Nane 
Here A — 32 x20 = 640, and a= 10 x 6 == (0; dity 


and A x a = 38400 = 195,959 3 therefore 35 


iA +vVAxa+a= 298,633. Then G ut 
;F=18:: 298,653: S 37, 33 the ſolid Feet «es: 1 
quired, Note, the Product of + of the Girt of ea 22 
End taken for a mean Area is very falſe; and cannot Circ 
be practiſed without confiderable Error, tho? it bebe L 
the common or cuſtomary way. = 

| 28 
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the 22. If the Timber be in form of a Cylinder, Fig. 
"XX VIII. then putting a = 0.7854, and G — 12 
i Wi [1ches, we have (as per Art. 8.) this Analogy ; 
a:: DD: DDa the Area of the Cylinder's Baſe in 
Inches (ſuppoſing D = Diameter in Inches ) let 
<0 H = Height in Inches; then HDDa = the Inches 
WF lid, whereof 1728 = G = one ſolid Foot. Con- 
r quently, if $ = ſolid Content in Feet, HDDa = 


G'S; and = F = the Length in Feet, there- 
fore FDDa = G*S; and FDD — = S; and putting 
hat —= dd = 183, 34; then FDD = dds; wherefore 


dd: DD:: F: S, or d: D:: F: 8. 
aſe, 34. Or with the Length in Inches, to find the 
Vi WWSolidity in Feet, thus; ſince HDDa = G'S, there- 


DV Wore putting | = 4d, we ſhall have HDD 4s, 


ay conſequently d: DD :: H: S = Solidity in Feet; 
or 4: D:: VH: S. Wherefore, if there be a 
{nzle Line of Numbers on your Sliding Rule; ſet the 
conſtant Number 4 = 46.9 on the ſingle Line to 
H = the Height in Inches, on the double Line on 
Ithe Slider; then againſt D = the Diameter of the 
ylinder's Baſe in Inches on the /ingle Line, is S = 
he Number of ſolid Feet on the Slider as required. 
And if the Length be given in Feet ; then the So- 
Ldity is found, as above, Art. 13. | 

35. If you have no ingle Line on your Rule, you 
wit work with the Analogies dd: DD:: F: S; or 
4: DD:: H: S. In the firſt dd = 183,34, and dd 
2200, 132; therefore d = 13.54 = Diameter of 
Circle, when the Area is 144; and d = 46,9 = 
he Diameter of a Circle, whoſe Area is 1728 = the 
nches in a ſolid Foot. And theſe Numbers being 
"nſtant in all Operations, and the Method of ope- 


wing ſuch kind of Analogies every way on the ar- 
H h 2 tificial 
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tificial Lines of Logarithms already ſufficiently exem- 
plified in the preceeding Articles; I ſhall not here 
again repeat it. 

36. The common way of meaſuring round Jim. 
ber, is by girting them about the Middle wi ; 
String, and taking 4 of the Girt for the Side of 1 
Square equal to a mean circular Area, ſuch as would 
reduce the propoſed Piece to a Cylinder. But thi 
is alſo very fake and ungeometrical. For, fince the 
Area of that Circle, whoſe Circumference is 1, 1 
0.07958 3 and the Area of that Square, whoſe Side 
is ,25 (of the ſaid Circumference) is 0.062;, 
and the Solidities being in proportion to theſe Num. 
bers, viz. as 0,07958: 0.0625; that is, as 23 to 16; 
tis evident, the Content by this falſe way is above 
5 leſs than what it really is; which Error, if it be 
not conſiderable enough to be regarded and corrected, 
is great pity indeed. 

37. Therefore to meaſure a Piece of round tap. 
ring Timber truly, it muſt be conſidered as the Fynſtun 
of a r:zht Cone; whoſe ſolid Content in Inches 


found by the Theorem Dd + 3x x0.7854H, as pr 
Art. 25. of the laſt Chapter. Now putting 0.785, 
=a, and G' = 1728, the cubic Inches in a ſolid 


foot; the Theorem will become Dd + 3xx xaH 
— G'S; and again fince . H = F, the Length in 
Feet 5 therefore A + XX X 4 F = G*S . allo put 
8 = dd; and then Dd + 3xxx F = ddS ; where. 
fore we have dd: Da ＋ :: F: S the ſolid Cm 
tent in Feet. 

38. For Example; Suppoſe a Piece of »:1n: 
Timber be 36 Inches Diameter at one End, and 
Inches Diameter at the other; and 24 Feet long 
quære the Solidity in Feet? | 

Here D 36, d=9, D- A X 27, 


| 


T 
| be 
be 


I 
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Therefore the Analogy is as dd= 183, 34: 567 :: F 


e: Sg 74, 22 the ſolid Feet required; as may 
be wrought by the Lines of Numbers in any of the 

„ bcfore-mention'd ways. 

a 

1 Of ME ASURINOG LAND. 

ld 


15 39. What I principally deſign here, is to ſhew 
he WW how the true Area or Content of a Plot of Land is 
do be found by the artificial Line of Numbers, in 
ide WF Acros and Decima Parts, The Dimenſions of a Field 
% re commonly taken in Rods or Poles; each con- 
m. taining 161 Feet. Of theſe Poles, 40 in Length 
18; and 4 in Breadth make an Acre; or an Acre is = 
ove WW 160 {quare Poles, Some (and indeed moſt) uſe a 
be Chain, called Gunter's Chain, in taking Dimenſions ; 
ed, WW which conſiſteth of 100 Links, and the whole in 
| Length = 4 Poles or Rods. And fo 10 of theſe 
abe. {41272 Chains make an Acre. 
46. The Field being meaſur'd with the Pole, if 
it be in Form of a Parallelogram, put L = Length, 


ind B = Breadth ; and then it will be. — = Am 


the Number of Acres; therefore LB — 160 A; and 
ſo we have 160: L:: B: Ag the Acres. For Ex- 
ample, ſuppoſe a Field be 35 Pole broad, and 185 
Pole in length; how many Acres doth it contain? 

Set 160 on the Rule to 185 on the Slider, then a- 
| gainſt 35 on the Rule is 404 nearly, the Number of 
Acres required. 

41. If the Field be in Form of a Triangle, and 
meaſur'd with a Rod or Pole; then, having plotted 
n and meaſur'd the Baſe and perpendicular Height, 
which call Band H; then Bx+H = 160A; and fo 
160: B:: H: A the Acres as before. 

42. If the Field be in Form of a Trapezium, as 
Eg. XL. then becauſe, by drawing the Diagonal 
„aA, it is reduced to two Triangles ACB, ADB, 

| | and 
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and calling the two Perpendiculars Cr and Da, H 
and þ; and the common Baſe AB, B; we have 


BH = — H+bxiB = 160A. Therefore 160 


2 

2B :: HN: A the Acres contain'd in the Tz. 
pezium ACBD. | 

43. If the Field be of a mullangular Form, it muſt, 
when plotted, be reduced to ſeveral Triangles and 
Trapezia; and then meaſur'd, as per Art. 41, 42. 
In caſe you take the Meaſures with a Chain of 4 Rods 
or 100 Links, then the Analogies for Operation 
will be the ſame as above, only inſtead of 160 you 
muſt uſe 10; thus 10: L.:: B: A. Art. 40. and 10 
B:: 2H: A. Art. 41, c. All which is ſo eaſy as 
to need no Example, nor any thing more to be ſaid 
concerning it. 


CHAE 


Ch. XVI. Los isrIcAL LoGaRiITHMs. 239 


CC2CSLDCOEDCRDC AY DRDDOLDOCEDOIED 


CHAP, XVI. 


The Practical Us of the LocrsTica 
LoGARITHMS. | 


Wi. HE Nature and Conſtruction of Logiſtical 
Logarithms, having been ſufficiently incul- 
n cated in Chap. IV. it remains now that I ſhew their 
de in ſome - Caſes of practical Aſtronomy, for in 
'v Wl other reſpects it is very little. But in finding the 
5 Wh Places, Diſtances, &c, of the heavenly Bodies, the 
Calculation of Eclipſes, &c. they are very neceſſary 
for finding the proportional Parts, as will, in ſome 
Degree, appear by the following Examples. 

| 2, Example 1. Admit the mean Anomaly of the 
dun be 4* 72 48' 14”; what is the true Equation, 
and Logarithm of his Diſtance from the Earth? 


Mean A- 4 7* 5 1? 33/49 g _ 4.995607 


nomalies 


4 8 J tions T1 32 36 4.995501 
Differences 1=60' . 3 5 106 


m ** i —_— 


— — — — 


Then for the Proportional Parts of the Equation, ay 


by the Logiſtical Logarithms, 
If one Degree, oeͤrr 6 0 
give the Diſferencgdg/e 1 13 216930 
what gives the Anomaly ,.... 48 14 = 9g48 


Anſwer, the prop. Part © 59 =17978 


This ſubſtracted, (becauſe the Equation is de- 
raling) from the Equation 19 32' 49” (anſwering 
| I the 
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and calling the two Perpendiculars Cr and Da, H 
and 5; and the common Baſe AB, B; we have 


SiH PY 1B = 160A. Therefore 160 


2 2 

1 :: HD: A the Acres contain d in the Ti. 
pezium ACBD. | 

43. If the Field be of a multangular Form, it mult, 
when plotted, be reduced to ſeveral Triangles and 
Trapezia; and then meaſur*d, as per Art. 41, 42. 
In caſe you take the Meaſures with a Chain of 4 Rods 
or 100 Links, then the Analogies for Operation 
will be the ſame as above, only inſtead of 160 you 
muſt uſe 10; thus 10: L.:: B: A. Art. 40. and 10 
:B::iH:A. Art. 41, &c. All which is ſo eaſy 2 
to need no Example, nor any thing more to be {ail 
concerning it. 


CHAT 
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CHA P. XVI. 


The Practical Us of the LoG1sTICAL 
LoGAKRITHMS. 


. HE Nature and Conftrufion of Logiſtical . 

Logarithms, having been ſufficiently incul- 

| cated in Chap. IV. it remains now that I ſhew their 1% 
Uſe in ſome Caſes of practical Aſtronomy, for in "nd 
other reſpects it is very little. But in finding the i 
| Places, Diſtances, c. of the heavenly Bodies, the 1 
Calculation of Eclipſes, Cc. they are very neceſſary 5 
for finding the proportional Parts, as will, in ſome Wile 
Degree, appear by the following Examples. 
| 2, Example 1. Admit the mean Anomaly of the j 
dun be 4* 72 48' 14“; what is the true Equation, by 
and Logarithm of his Diſtance from the Earth? 0 


Mean A- c 4* 72 Equa- 5 1? 33/49! 0 $4:299007 | 4 
— 8 J tions 1 32 36 7 4.998501 | 


Differences 1860 I 13 106 


— 


1 


Then for the Proportional Parts of the Equation, ay 


by the Logiſtical Logarithms, | 
It one Degfer, ee 60" 00 © 0 
Frein wm 1 13 216930 i 


what gives the Anomaly ,.,...48 14 = 9g48 Nt 


Anſwer, the prop. Part . © 59 217878 c 0 


This ſubſtracted, (becauſe the Equation is de- 1 
raling) from the Equation 19 32' 49" (anſwering 1 
I the ul 
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the Anomaly 4* 7*) leaves the true Equation = 
10 35 50“, as was requir'd. 

. Then for the proportional Part of the I oz. 
1 ſay 


Ont Degree, Of 2 50 o © 
gives the Difference oſ ite. 106=1 710 
what gives the Anomaly . . ; 48! 14 948 


Anſwer, the Proportional Part.. 81625 


Which ſubdu& from the Logarithm 4.99 5607, an-. 6. 

ſwering to the Anom. 4* 7 there remains 4,995522, Cent 

the true Logaritbm of the Sun's Diſtance from the ithn 

Earth, as tequired. the t 

of thi 

4. Example II. Suppoſe the Moon's annua! A. amp! 
gument be 290 51 3505 what is the Equation of tie 


Apogee and Eccentricity of her Orb? z 21 
mit 
Annual 2 1 | tl 89 53 8" Eccen- 60392 2 
Argum. tion 19 o/ 14 tricity | 6104; the 8. 
— * 
Differences . 7. 160 14 6 65} | b 0 
| n 
| | | dus, 
Then for the Te of the Apogee, ſay f "A 
If one Degree, or :. 60 o 00 fron 
give the Difference, .. . . , 144 6026289 k to o 
what gives 8 » 51' 37"= 654 $0 is t. 


/ 18% 

Anſwer, the Prop. Part.. . 12! 8“ 6943 q 

To which add the Equation 8 80 53! 8", agreeing o the 

the an. Ar 

29? ; the Sum is 9⁰ 05! 16” the rr E 
quation of the Apogee as required, 


eref 
Mon 
Note 
Noon ! 
the 
de pref 


= 
"ga 
. 
2 


5. Then for the true Eccentricity, ſay 
| 
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{O25 ˙ A ²˙ AA 60“ o o 
give the Difference of Eccentricity. . 653 =7414. 
what wil the Fart; cc. oo + 51 37 = 054 


Anſwer, the Proportional Part. . 562 28068 
| To which add the Eccentricity . . . 60392 


f The Sum 1s the rue Eccentricity . . 60954, as re- 
quired, 


6. In like manner the Equation of the Moon's 
Center, Latitude, Inclination of Limit, and Loga- 
rithmic Diſtance from the Earth may be found. Alſo 
the fame things are in like manner found for any 
of the Planets, of which there needs no more Ex- 
amples. 


7. Example III. In an Eclipſe of the Moon, ad- 
mit her horary Motion be 300 31%, and the Sun's 
2 27”; then the horary Motion of the Moon from 
the Sun will be 280 4”: and ſuppoſe the Moon hath 
paſs'd the Sun by the Diſtance 19 19' 4"==4744" 
What is the Time requiſite for that Motion? Say 
thus, | 


2 


-1 
J) 
— 


is the horary Motion of the Moon þ es 

TA «oc... 5's's's 6 l ae. 423300 
„ ,....... +. + 60 o = © 
. 


ro the Time above 2 Hours, viz. . . 49“ 00= 877 


Ul 
kW berefore 25 497 were paſs'd ſince the rue Oppoſition, 


Moment of the Eclipſe. 

Note, becauſe in this Caſe the Motion of the 
loon from the Sun, performed in 1 Hour, is 28' 
therefore 56' 8” will be paſſed in 2 Hours: But 
e preſent Diſtance of the Moon from the Sun is 
: 1 79 


j 


— — — =" 


1 oo” 


_ 
= a 5 ned 
- — _ : 
- ———— ꝗꝑ — eee — —— - - — — —ñÜĩ—äͤ — — 
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, which becauſe it exceeds the Table of L. I 
g:ſtica! Legarithms, therefore ſubduct the Motion gr 0 
two Hours, viz. 79' 4'—56/ 8'/=22! 56”; and this ra 
Exceſs of Motion will give the. Exceis in Time 2 

bove 2 Hours; as in the Example. And thus you 

proceed when the Diſtance of the Moon from the Sy 
Sun exceeds one Degree, or the Table. Sy 

8. Example IV. Suppoſe, in a Lunar Eclig, 
the Semidiameter of the Moon be 15' 15”, ard ti: | 
Difference between the Moon's Latitude, and Sam d | 
the Semidiameters of the Moon and the Earth , 
Shadow be 91001“; Quære the Digits eclipſed ? 

Note, the Semidiameter of the Moon is alway 
ſuppoſed to be 6 Digits, or equal to 6 Degree M. 
Therefore ſay, 1 
As the Semidiameter of the Moon 15" 1 50:1 <« 
Is:to fix Digits... «:. © «+ - >» 67 007 00*=100088 
So is the iaid Difference N :1*= $2081 

— 8 


To the Digits eclips' d... . . 30 32! 1/1220 


9. Example V. In a Lunar Eclipſe, let the d 
ples of Incidence be 300 17”, and the horary Mi: To 
of the Moon from the Sun be 28! 47”; to find tt: 
Time of FH Duration? 

Here becauſe 28' 47“: 60“:: 300 17“: a four! 
Number greater than 60% and fo conſequent!y & 


yond the Extent of the Table; therefore (as WM . 17 
Art. 7.) from 3o' 17“ ſubduct the Motion fer — 
Hour, viz. 280 47”, and to the Remainder 1 5 
find the Time thus; * 
As the Motion .ꝗ :. 28) 45/= 8 Tt 
Is 2600-007: ¶¼ — Of 00's 
So the remaining Scruples. . . , . 1“ go'=16! Th 


,, 28 
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The Time ſought therefore 1" 3“ 8”; the double 
of which is 2 6 16*, the Time of the whole Du- 
ration of the Eclipſe. 


| 10. Example VI. If the diurnal Motion of the 
| Sun be 39“ 8", what is the Motion for 7 Hours 


15'? 
days as one Day . . , + © 5 24* 00 C 0 


JE NU 89 8'= 63 
. A ii; 85197 


To the Motion therein 17 520 —5260 [ | 


| 11. Example VII. If the mean Motion of the 
Moon in one Hour be 32' 56”, how far doth ſhe 
move in 17" 45? 


| [ 

Say, as one Hour. 1* oo! oo"=13802 . 

. on 17 

Is to its Motion 32 85 284 44 . 
S0 s. 75 e 


21701 


— _ =- 


PI 
-— - * 
7. — — — 
— — ů —— oe 


To the Motion required .. 90 44 O0 7 899 


— 


Thus the Motion i in 24 Hours, or one natural Day, 
will be found 130 10' 35”. 


CY — - _ 
4 — * 
——ä— — — — A en Ps 


12. The Logiſtical Logarithms may alſo be uſed 
vwith common Logarithms, Thus ſuppoſe you would ' 
jd the Logarithmic Sine of 18? 160 47”, proceed f 
| 3 thus; pl 


©, 
The Logarithmic Sine of. 1 1 7 3 6635 


The Differences 1200 383 
ET Now 


244. The PRACTICAL Us of the 


Now the Proportion is, 60” : 383 :: 47: the Pro. 
portional Part. But ſince the Logiſtical Logarithn; 
of 47" and 60% are reciprocally as thoſe Number, 
and that of 60 is nothing; therefore (the Difference 
of the common Logarithms being proportional to the 
Numbers 60” and 47”) ſay, 


As the Logiſtical Logarithm of... 43"%= 144 
is to the Logiſtical Logarithm of . . . 60 = «&« 
So is the common Logarithm of.. . 383 2.500 


— — — 


To the common Logarithm of the 
proportional Parte 


Which add to the common 
LANES” iis +: 19.496164 


The Sum is the Logarithm . . 9.496439 of 18 16 


47” as required, And thus, proceed in any other Cal 
ot like nature. 


13. The Logiſtical Logarithms may be uſed like 


F 285 =2.4551 


wiſe with the Logarithmic Sines and Tangents, as it | 


finding the Parallaxes of the Planets, Sc. Thus 


ſuppoſe the Horizontal Parallax of the Moon 5; ; 
12”; the Angle of her Orb with the Horizon 224 
and her Longitude in her Orb from the Hori 


819 27% to find her Parallax in Longitude. 


From the Logiſtical Loga- 
rithm of the Hor. Paral. 


Sine of the 8 
Subduct che] Angle. 422 4 9 = 9-514 
Sum of the ] Co- Sine of Ts | 
Longitude. 187 27 0= 9.½ 


— 
— 


1 


vi. 18.7470 
There remains the Logiſ. Lo- 
gar. of the Par. in Long... 


Joo? 3, g'= 1255 
1 


oo 55 12"= 6 


OE ba * ws. arm; . 
_— y ws * 1 8 * 

x 5 5 4 4 * 1 hs - 
eee 1 
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. Becauſe when the Angle of the Moon's Orb 
ot the Horizon is greateſt 67 14/ 20”, and the in 
the Horizon, her greateſt Parallax in Longitude 
will be then; and will be found as in the laſt Ex- 
ample, thus; 


Logt Log. eser 69 „0 wos 
4 1 20 9.9648 
. 90 © © =10.0000 
barer hes e rag 


15. To find the Moon's Parallax in Latitude, 
From the Logiſt. Log. of 

| Horizontal Parallax, . '$ en e 13" = 362 
Subduct the Co-Sine of the 

Angle of her Orb with 22? 4' O. 9669 
me FIOHIZON ©... + | 


NE 


there remains the Logiſtical 0 = 
Logarithm of . . . . . c 00” 51! g'= 693 
which is the Parallax of Latitude ſought. 


16. To find the greateſt and leaſt Parallaxes in 
Latitude. 


From the Logiſtical Log. of 110 

er. Par... 65 

574 8 Subſtract theCo-Sine of the 2 O / 7 
Ang. of her Orb with the Hor. e 


11 24"'= 17680 


oo 311028 17783 


; 17 Logarithm of the 0 
greateſt Parallas . . ; 


Again, 
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Again, from the L. Log. ofy o _ , . 1_ 
2 leaſt Horiz. R _ o 
Subſtract the Co- Sine of the 
greateſt Angle of Orb ing 67 14 20. 5876 
000000 


a 


Logiſtical N of the / 
leaſt Parallax . . . A 00” 21" 16' 


17. By theſe Inſtances the Reader will be ap 
priz'd of the great Uſefulneſs -and Expediency of 
Logiſtical Logarithms in his Aſtronomical Calcula- 
tions; and as the common Logarithms are laid on a 
Rule, ſo likewiſe are theſe; and ſuch a Sliding. 
Rule of Logiſtical Logarithms may be very uſeful 
to thoſe who deſire to be more expeditious than exa?? 
in their Calculations. 
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BOOKS juſt Publiſhed, printed for J. Hopoxs at 
the Looking-Glaſs on London-Bridge. 


Neatly printed in 4 Vol. 12mo. Price bound in Calf 12 s. embel- 
liſhed with near an hundred Coffer Plates, curiouſly engraw'd 
the beſt Maſters ; tranſlated from the French by John Kelly EV: 
of tve Inner Temple; D. Bellamy, of St. John's College, Ox- 
ford; ard ]. _ Surgeon and Mathematician : 

I ATuRE DELINEATED, being Philoſophical Converſa- 

tions, wherein the wonderful Works of Providence, in the 
anunal, vegetable, and mineral Creation are laid open, the ſolar 
and planetary Syitem, and whatever is curious in the Mathema- 
ticks explained. The u hole being a compleat Courſe of natural 
and experimental Philoſophy, calculated for the Inſtruction of 

Youth, in order to prepare them for an early Knowledge of Na- 

tural Hiſtory, and create in their Minds an exalted Idea of the 

Wiſdom of the Great Creator. Written by way of Dialogue to 

render the Conception more familiar and eaſy : with a particular 

Table of Contents to each Volume. 

Neatly printed in Oftawvo, Price bound in Calf fix Shillings ( founded 
on a Plan of the late Mr. Addiſon) imbelliſbd with a large 
Variety of curious Cuts, drawn and engraven by the beſt Maſters, 
the ſecond Edition, with very large Additions, of 

II. A Philoſophical Account of the Works of Nature: containing, 

1. The ſeveral Gradations remarkable in the mineral, vegetable, 

and animal Parts of the Creation; tending to the Compoſition 

of a Scale of Life. 2. A Repreſentation of the preſent State of 

Gardening throughout Europe in general, and Great Britain in 

particular. 3. New Experiments relating to the Improvement 

of barren Grounds, 'Timber-trees, Fruit- I'rees, Vines, Sallads, 

Pulſe, and all Kinds of Grain, 4. Obſervations on the Huſ- 

bandry of Flanders, in ſowing Flax, whereby Land may be ad- 

vanced Cent per Cent. By R. Bradley, F. R. S. Profeſſor of Bo- 
tany in the Univerſity of Cambridge. 
Dedicated and preſented to the Honourable Society of the Inner- 
Temple, (Price bound Two Shillings and Six-pence) 

III. A new 'I reatiſe of Huſbandry, Gardening, and other curious 
Matters relating to Country Affairs: Containing a plain and practical 
Method of improving all Sorts of meadow, paſture, and arable 
Land, Sc. and making them produce greater Crops of all kinds, 
and at much leſs than the preſent Expence ; under the followin 
Heads; 1. Of Wheat, Rye, Oats, Barley, Peaſe, Beans, and 
all other Sorts of Grain. 2. Turnips, Carrots, Buckwheat, 
Clover, Hemp, Rape, Flax, and Coleſeed, Sc. 3. Weld or 
Weuld, Woad or Wade, Madder, Saffron, &c. 4. Meadow, 
Paſture Grounds, and the different Manner of feeding Cattle, 
and making other Improvements, agreeable to the Soil of the 
ſeveral Counties in Great Britain. 5. Hops, Foreſt and Fruit 
Trees, Vine and Garden Plants of all Sorts. 6. All Kinds of 
lowers, Shrubs in general, and Green-Houſe Plants. 7. A 


Curious 
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curious Scheme of a Farm, the annual Expence of it, and its 
Produce. With many new, uſeful, and curious Improvements, 
never before publiſhed. The whole founded upon many Year, 
Experience. By Samuel Trowel, Gent To which are added, 
ſeveral Letters to Mr. Themas Liveings, concerning his Compound 
Manure for Land, with {ome Practical Obſervations thereon. 

IV. The Gentleman's and Builder's Repoſitory ; or Architec- 
ture Diſplay'd : containing the moſt uſeful and requiſite Pro- 
blems in Geometry. As alſo, the moſt eaſy, expeditious, and 
correct Methods for attaining the Knowledge of the Five Orders 
of Architecture, by equal Parts, and fewer Diviſions, than any 
thing hitherto publiſhed, c. The whole embelliſhed with a 
bove fourſcore Copper-Plates in Quarto. The Deſigns regulated 
and drawn by E. Hoppus, and engrav'd by B. Cole. The ſecond 
Edition, with large Additions, and a new Frontiſpiece, curiouſly 
engrav'd, repreſenting the Manſion-Houſe of the Lord-Mayor cf 
the City of London. (uarto. Price Bound 105. 

V. The Builder's Guide, and Gentleman and Trader's Ati 
tant: Or a univerſal Magazine of Tables, wherein is contain d 

reater Variety than in any other Book of its kind, with ſ:veral 
new and uſeful Tables, never before publiſhed ; which render: it 
the moſt general, compleat, and univerſal Companion for dal 
Uſe extant; and highly neceſſary for all Gentlemen, Builders, 
Surveyors of Buildings, Timber Meaſurers, &c. By Villian 
Salmon. Price 33. 

VI. The Country Builder's Eſtimator: or the Architect“, 
Companion for eſtimating of New Buildings, and repairing of 
Old, in a conciſe and eaſy Method, entirely new, and of ute to 
Gentlemen and their Stewards, Maſter Workmen, Art.icer:, 
or any Perſon that undertakes, or lets ont Work. By Man 
Salmon. The ſecond Edition, reviſed and corrected, with large 
Additions, by E. Hoppus, Surveyor. Price bound 15. 64. 

VII. A Collection of Novels and Tales of the Fairies. Written 
by that celebrated Wit of Fance, the Counteſs d" Anois. The 
Third Edition. Tranſlated from the beſt Edition of the original 
French by ſeveral Hands. In three neat Pocket Volumes, i 2:10. 
Price 75. 64. 90 . N 2 

Beautifully printed on & Fine . not Paper, and new Letter, 

VIII. A compleat Hiſtory of the Empire of China, being che 
Obſervations of above ten Years 'I'ravels through that Country: 
containing Memoirs and Remarks, Geographical, Hiſtorical, 
'Topographical, Phyſical, Natural, Aſtronomical, Mechanical, 
Military, Mercantile, Political, and Eccleſiaſtical ; particularly 
upon their Pottery, and varniſhing Silk, and other Manufactures, 


_ Fearl-fiſhing, the Hiſtory of Plants and Animals, with a Deſcrip- 


tion of their Cities and Publick Works, Number of People, Man 
ners, Language, and Cuſtoms, Coin and Commerce, their Ha- 
bits, Oeconomy, and Government, the Philoſophy of the famous 
Confucius, With an Account of the Conqueſt of China by the 
Tartars, and many other curious Particulars. Written by te 
learned Lexis le Comte, Jeſuit. A new Tranſlation from the beit 
Paris Edition, and adorn'd with Copper-Plates. Price 65. 
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PART II. : 


CONTAINING 


| 4 Threefold TABLE vr CANON 


O F 


LO GARITH MS 


I, A Canon of LOGARIT HMS for NATURAL 
NUMBERS from 1 to 10000, 


II. A Canon of LOGARITHMS of Sings and 
e TancenTs toevery Degree and Minute of the Quadrant. 


Ill. A Canon or Table of Logiftical LOGARITHMS, 


1 All which are digeſted in a New and moſt ee 
a, Form, and very correct, 


1 6&0 ND ON: 
Printed in the Year MDCCXXXIX. 


ta 


| 


n 
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4 TABLE N LOOGARITHMS 


NATURAL 


NUMBERS from 1 to 10000, 


8 8 


— ————— 


5 lo ww oweawnrnolZ 


n 
e 


17 


121 
23 


25 
26 


28 


33 
3 


4 
35 
35 


| 
| 


24 


27 


29 
30 
131 
32 


] 


0 


000000 
301030 

77121 

02060 
698970 
778151 
845098 
903090 
054242 
000000 
041393 
079181 
113943 
146128 
176091 
204120 
230449 


118 255272 
19 | 278754 
20 301030 


322219 


122 342427 


361728 
380211 
397940 


531479 


544068 
550302 


37 508202 
38 579784 


020000 
041393 
322219 
491302 
612784 
707570 
785330 
851258 
908485 
959041 
004.321 
045323 
082785 
117271 
149219 
178977 
2068 26 
232996 


257679 


201033 
303196 
324282 
344392 
303612 
382017 
399674 
416640 
132909 
44.8700 
463393 
478566 
492701 
506505 
519828 
532754 
545307 
557507 
969374 
580925 


592177 


30 1030 
079181 
342423 
505 150 
623249 
716003 
792392 
357332 
913814 
963788 
008600 
049218 
586360 
120574 
152288 
181844 
209515 
235528 
260071 
283301 


308351 
326336 
340353 
305488 
383815 
401400 
418301 


434569 


450249 
465383 
480007 
494155 


521138 
534026 
540543 
558709 
579543 
582003 


1593286 


507856 


3 


477121 
113943 
361728 


513514 


6334686 


724276 
799349 
803323 
919078 
968483 
012837 
053078 
089905 
123852 
155336 
184691 
212188 
238046 
202451 
285557 
307496 
328380 
348305 
367356 
385606 


[495347 


33 
602060 
146128 
380211 


331479 
43453 
732394 
806180 
5 55 
924279 

973128 
017033 
©5690; 
093422 
12710 

186762 
187521 
214844 
240549 
264818 
287802 


309630 
330414 
35024 

309216 
387390 
404834 
421204 
437751 
453318 


482874 
490930 
210545 
523740 
5365 58 
549003 
561101 
572872 
584331 


p 


595496 


39 591065 


9A 2 
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7 
698970 

176091 

397940 

544068 

653212 

740363 

812913 

875061 

929419] 

971124 
021189 
o60698 

090910 
130334 
161368 
199332 
217484 
243038 
267172 
290035 
311754 
332438 
352182 
371068 
389166 
400540 
423240 
439333 
454845 
460822 
484300 
498311 
511883 
525045 
537819 
550228 
562293 
574031 
585401 


8 

778151 

204120 
414973 
556302 
662758 
748188 


819544 
880814 


934498 
982271 
025306 
064458 
100370 
133539 
104353 
193125 
220108 
245513 


292256 


313867 
334454 
354108 
372912 
398935 
408240 
424882 
440909 
450366 
471292 


485721 
499087 
513218 
526339 
539070 


563481 
578188 
586587 


590597 


209513 


55145055 


— 
845098 
230449 
431304 
568202 
672098 
755875 
826075 
886491 
939519 
986772] 
029384 
068186 
103834 
130721 
167317 
195 900 
222716 
247973 
271842 
294406 


681241 


8 


903090 
255272 
447158 
579784 


763428 
832509 
892095 
944483 
991226 


033424 
071882 
107210 
139879 
170262 
198657 
225309 
250420 
274158 
296665 


315970 
336460 
356026 
374748 
392697 
409933 
426511 
442480 
457882 
472750 


487138 
501059 
514548 
527630 
540329 
2668 
564666 
576341 
587711 


597695 


318063 
338450 
357935 
370577 
394452 
411620 
428135 
444045 
459392 
474216 
488551 
502427 
515874 
528917 
541579 
553535 
565848 
577492 


9 
954242 


462398 
591065 

770852 
60193 
838849 
897627 
949399 
9950935 


037426 
075547 
110590 
143015 
173186 
201397 
227887 
252853 
270462 
298853 
320146 
340444 
359835 
378398 
390199 
413300 
429752 
445004 
400898 
475671 


489958 
503791 
517196 
530200 
542825 


567026 
578639 


278754 


555095 


; 


598790 


588832 
599883 


389955 
600973 
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60,2000 | 2 


61.2784 
62.3249 
63.3468 
64.3453 
65 3212 
66.2758 


9340 


4 So. 6180 


81.2913 
9544 
82.6075 
83. 2509 
8849 
84.5098 
85.1258 
7332 
$6.3323 
9232 
87.5061 
88.0814 
6491 
89.2095 


76278 


90, 3090 
8485 
91.3814 
9078 
92.4279 
9419 
93-4498 
9519 
94.4483 
9390 


2 
4226 
4897 
5312 
5484 
5422 


615138 


4042 
3942 
3047 
9559 
0704 
9270 
7670 
5912 
3999 


= 
5305 
5958 
0341 
6488 
0424 
6098 
5581 
4861 


3947 
2847 
1508 
O117 
$502 
6727 
4800 
2725 
0508 


668155 


5669 
3055 
0317 
7460 
4488 
1404 
8211 


94913 


15123 


7369 


4421 
0733 


695 5 
3089 


9138 


5 104 
0989 
6795 
2524 
$179 
3767 
9273 
4715 
ooo 
5400 
0645 
5828 
0949 
6011 
1074 


5961 


0851 


4 

6381 
7000 
7366 
7490 
7383 
7056 
6518 
5778 
4845 
3/27 
2430 
0903 
9331 
7541 


55996 


3510 
1279 
8912 
6413 
3786 


3 
7455 


| 


ne 4.9 


3526 9594 


9093 0136 
9410 0428 
9480 9481 
9335 | 0397 
965 | 9916 
83869317 
7607 | 8518 
6636|7529 


5482 6356 


9302 | 9862 
4870, 5422 
0307 0913 


5796, 6335 


1158 
0454 
1686 
6856 
1966 
7015 
2003 


6943 


1 


| 


5008 


3491 
1811 
9974 
71937987 
5075 5855 
2516, 3583 
0422 1176 
7898 8638 
5240 824 
2473 3189 
258100285 
6574 7267 
3457 4139 
0232 0904 
6904 | 7505 
3474 4126 
9304 | 9947 
6324| 6957 
2009 | 3233 


4150 
2648 
0985 


8805 9419/6 
5519 


4913 

8937 
6878 
2739 
8522 
1229 


1534 
7467 
3321 
9096 
4795 
0421 
5975 
1458 
6873 
2222 
7505 
2725 


1690 
6980 
2200 


7370 
247 4 
7518 
2504 


7434 
2308 


7883 
2981 


3000 


7924 
2792 


3019 


1823 
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e 
90 95.4242} 4725 [5296 5655 [616816549] 7128 | 7607 [$8086 
51 904149513 [3995] 047110g46[1421] 1895 [2369 [2843 
92 | 96-3758] 4260 | 47211} $292[5572[5142[6511} 703075418 
92 84531 8950[5416] 938219347 [0S12] 1275] 1740220; 
94 197-3128] 3590 [40511 4512149721 5432[5891| 6350105938 
95 7724 | 8185136371 5033 [9548] 0c0;[0457|[09!12[1365 
96 [98-2271[2723[31751} 3526 [4077] 452714577] 542615875 
97 $67721721917656]$113[8559[g005 [$450] 9595 [0339 
| 95[99-1225| 1665 [211112553 [2995] 343613877] 4317 [4757 
99] __5535 [6574 [51215945 [7385|7523]82591 8595 [9130 
100[00.0000 | 0434 [0863] 13051]1734]£165 [2595] 3029] 3460 
101 4321147510518 [5609|[6033|[6456[6894] 732107748 
102 9509046 9451937603090 [0724111471570 993 
10301. 2837325903680 400 452049405360 37791519 
194] 7033745107868 8284/87009116 9532] 9947 [0361 
105 [02.1189 | 1603 [9916] 2428] 2841] 3252] 2654] 4075 [4486 
106 $326|5715|51241 653316942[7350]7757|$164[8571 
137 9284197 910195] 0600] 1004 | 14051812] 2216 [2619 
108 [03-342413826|4227] 46285929 54z015830[522,[65;0 
109 7426175255223] 5620[g017|9414[9g811] 0207 [9602 
1101941393 [1787 [21522575 | 2669] 336213755] 4148[4540 
111 532315746105 1[6495 [6885 7275] 7664] 805 3 [8442 
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115 [95-0638 [1075 |1452[1829|[22-6]2582] 2958[3333[3709 
116} 44581]4532[5206[5$5%0| 595 3[6326]5699] 707117443 
ii7] B$156|8557|8525|9298|5658[0038[0407[0775 [1145 
11807. 1882 | 2250|2517] 2985|3352| 3718] 408544514816 
119] __ 5547 [5912[5276|6540| 7004| 7365 [7731 | 809g [5457 
120} 9151 [$543 |[9904|025610526]0987]1347 1707 [2067 
121| 99.2785 [3144|3503] 3561] 4219] 457614934] 5291 [5647 
1224 $6350]$716|7071|7425|7781|[8136|8499[8545 [9198 
123 9905 [0258[0611] 0963| 1315 | 1667] 2018]2370[2721 
124|09.3422[377214122| 44714505169 55185865621 
125 691072577604 755 1082978644 899093359681 
[0.0371 105911403] 1747|20901]2434[277713119 
4487|4828]5169] 5510] 5851]6191 15531 
7888|5227|8565|$903]9241|9578|$916 
1262| 1598] 1934 |2 270] 2605 | 29403275 
4611i[4944|3:78]5610[5943] 5276 [560% 
7934|3265 |8595|8926]9256]9556|9915 
123: [1560| I588|2216]2543] 2871] 3198 
4504 [4330|5156] $481] 5806151315456 
7752|8076|8399{$722| 9045 |9367|$650 
0977|1293}1519] 1939] 2260] 25802900 
4177|4436|4814[5133] 5451 | 5755 [6086 
7354| 7970} 7387[8303[ $618] 5934 | 9249 
05050822 | 11236] 1450] 1763 | 20762384 
263913951] 4263145740 4585 [51961 5507 


The Logarithms of Natural Numbers to 1900. 
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The Legarithms of Natural Numbers to 2400. 
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*10 The Lagarithms of Natural Numbers to 3400. 
RAE THT AWALEEER LE 
290 |46.2398| 2548 | 2697 [2847] 2997] 3140| 329613445] 3594]; 
291| 339340424191 43404489 4639] 4787 49365085 
202 $5383|5532|5680]5825| 597716126 6274!6423 657 
293 686870167164 7312074607608 77567904 8052 
294 8347 8495 86438790 89389085 9233098319527 
295 9822| 9969 [0116]0263[041010557]0704|CB8515 0998 
296 47.1292 1438 1585 1732 1878 2025 2171 2317 2404 
297 | 27562903 3049131953341 | 2487| 363337793 
298 421643624508 [4653 [4799 4944| 509015235} 5381 
222 5625 5816 9962 6107 6252 6397 6542 6627 | 6832 
300| 7121 2206 7411 7556 77007844 7989 8733 $278 
zot| 8566|8711|8$855]|8999|9143]9287]9431 (957519719 
302 48.0007 | 0151 | 0294 [0438 5827250869 0121156 
303 1443|1586]1729]1872|2916]2159] 2302 [2445 {2588 
304 2874|3016]315913302[3445| 3587] 3730[3872[401;5 
395] 4300|4442[4584|4727 [4808] 5011[c152 1529515437 
390] $721 |5863 | 6005 6147628954376 [6714 [e855 
307 7138 |7280|7421 [756317704 7845 798681271826. 
308 B551|8692|8833]8973[9114[9255] 9396 [9537 |96 
399] _ 995810099] 0239 [0380[2529| 001 | 801 [0941 [ob 
310 49.1362 15021642 778219222062 2201234124 
311] 27602900 304031793319 3458] 3597 37373876 
312] 4155}4294[443314572[4711]455014989|5 280526 
$544 | 5683 | 5822[5960|009916237[6376|05 40053 
7068| 720673447482 76217759 789780 
84480 85868724/8862 899913792759 
98249962 loogg [02361037405 110648 [07 
11961333 [1470[1007]1744] 13802917 [2154 
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3927 [4963 [419914335] 4471 [4607474345 
5286| 5421 [555715692] 5528 | ;963 [6099 [0234 
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654366666789 6913 7036 71597282 740575297652 | 
7775 7898802108144 8266, 8389 851218635 87588881 " 
gooz [9126] 9249 [9371 [9494 9616! 97391 9861 19984 | 0106 
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The Logarithms of Natural Numbers to 4400. 
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613 
039 
593 
038 
511 
985 
457 


4 4 
585 
073 
550 
046 
532 
O17 
502 
986 
470 
953 
435 
913 


320 
199 
277 
755 


1 

634 
121 
608 
995 
580 
095 
$50 
034 
518 
Oot 
454 
9595 


399447 
580 9253 
351 
842, 833 
365 


4095 


347 
325 
503 
280 
757 
23} 
709 
134 
658 
132 
695 
079 
$52 
024 
435 
955 


437 }- 


907 
370 
845 
314 


1 732: 
| 269 
7186 


133 


6 
683 
170 
557 
143 
529 
114 
593 
083 
555 


| 


3 
750 
207 
754 
240 
725 
211 


547 


* 


5 
829 


803 
289 
774 
259 


8951744 
131 180228 


6:5 663 711 


098 
589 
052 


145 
628 
110 


. 


194 


677 
158 


543 592640 
024 C2 120 
| 501 


080 
539 
O28 
516 
994 
471 
947 
423 
899 
374 
843 
322 
795 
268 
741 
212 
654 


316 | 


— 


— 


* 


— 


"ERAS SLA SLE pARAL 
973-128 174 |220 [20513131359 [405] 45114971543 
590636682 [728 [7741820 | 866]9:3]95g 005 


De Logarithms of Natural Numbers to 9900. = 


977-266 | 3121358 [403 [4491495 [541 | 586|632 |678 
724 769 
978.180 226 272 317 363 409 454 TOO 540 594 
637 683 |728|774|819]865 [g11]956coz [047 
979.093 138184230 275/321 366412457503 
543 594 639685 7307768210867 912958 
980.003 , 049 | ©94 | 140 185231 2761322367412 
458 | 503 | 549 | 594 | 040685 [730] 776821 | 857 
912957 | 003 | 048 | ©93][139]184|229|275 | 320 
981.365 [411 [456|501|547|592[637|683]728]773 
819 864 , 90g | 954 | CO 1045 [ogo[135 181 | 226 


982.271 [316 | 362 407 | 452] 497 543 588 633 -Z 


772 816 8615061951995 [4085 130 174 
987.219 264 309353398443 487532577 1022 
6666711 756 800 8451890934979 024 w_ 
988.113 157 202247 291] 336[381| 425470514 | 
559 603 648 C93 737782 826871915 * | 
989.ccs , 049 | 941388183227 1272| 316] 3611495 | 
450 494|539|583]628|672|717| 761] Sc $50 
89s 939 | 983 [028[072|117 |161) 2c6| 250} 294 
990.339 383|428| 472516] 561 [6og 65064739 
783 827 $71 916 960 CO4 049 093 137 182 


— — — — we, ——- 


0 
992.1110156 200244288 333137714211 4651 50 4 
553| 598 | 642 |£86]730|774 [81318631907 [ggr | 
995 !039 | 083 [127 |172]216]260] 304] 348} 292 
993-436 480 | 524 | 568]612]6571701} 745} 729] 233 
877 921565 |cogf053]007 [141] 185] 2290275 
994.317 361 |405 [4491493537 (591 |625]6tg} 713 
757 801 | 845 889 9331697214 108 | 152 
995-156, 2401 284 


— 


— A 


_ —_— z.)/}x 2 


r a. A... tt 


{ 
| 


24 T he Legarithms of Natural Numbers 10 10000, 


N .. 
990 995. 635579 7237678116854 898942 986 030 
991 | 996.074 117161205249 293336380 424468 
992 5120585 8996430687 730774818 862 905 
993 940993037 [080 124168212255 299| 343 
| 994 [997. 386430474 57561 605648692 7360779 
995 823 [867]1910|[c©54[998]041]o85 1281720216 
996 998.250 303|346] 390[434| 477 | 521 | 564 608652 
997 695 [739|782|826[869]913|956|000 [043087 
998 [999.1301174 [218] 2611305 3481392 | 435 478|522 
999! cb; 16091652! 69617391784 182618701913 1957 


A 


4 
: 
. 
X 
4 
2 
n 
Y 
1 
\ 4 
4 
E 


Artificial or Logarithmic 


| SINES and TANGENTS, 


Quadrant. 


2 


Io every Degree and Minute of the 


. —_— - m_ — — —— 


A 


TT A B L E 


O F 


N 
| 
| 
| 
| 


Artificial or Logarithmic 


5 3 AN KL BS 


To every Degree and Minute of the 
Quadrant. 


/ 


| A Table of Logarithmic Sines, 


| 


un. o Peg | 1 Neg. | 2 Deg. _3 Deg. 4 Deg. [Min 
ed ny WE: A Boe I EX i Rn Ic 
10 ol F. 2417 8 542819 T7880 8.843584 0 
1164637260 49032h 46422] 21204 5387] 11 
2 6.764756] 56 ̃ % 49995] 23595 7183] 2 
3 6.940347] 630424 $3539] 25072 8971] 3 
| 4 7.095786} 6981 87884 28337 8.880751 4 
| c [7.152695] 76614] 60540 8. 730688 2524] 5 
6 | 7.241877] 83243] 63999] 3027] 4290 6 
| 7 ,7-398824] 89773] 67431] $353] 04% 7| 
8 7.366816 96207 70836 7667 7801] 8 
19 7.47968 8.302546] 74214], 9969 ggq6| 9 
10 74375 72538794]. 77556 8.242259 8.361283 10 


11 2.505118] 14954] 80892 4536 3014 | 11 
| 12 7.542996 21027 84193 6801 4738 12 
13 |7-577668] 27016] 87469]. 9055 6454] 13 
14 7.0953] 32924] 9goy2118.751297 8165 | 14 
| 15 ,7-039316] 38733] 93948] __ 3528] 9868 15 
16 7657844] 44504] 97152 $747|9.71555] 16 
7. 694173 50180 3.605332 
18 7.718997 $5783 03489 8.760151 4938] 18 
19 7.742477 1315] 06623 


| 20 7.764754) 66777] 074] azinl 8285] 20| 


— 4 — 


* A SS L 


A 


O F 


Artificial or Legarithmic 


TANGENTS, 


E 


To every Degree and Minute of the 
Quadrant. 


—— ä 


| "4 Table of Logarithmic T, angents. — 

[Min. o Deg. | x Deg-_ | 2 Deg. 3 _ Leg 4 Dez. Mn 
0 018.2419218.543083 9.719395 8. 344044 0 

| 1 [6.463726] 49101 466911 21306 Carci 21 

| 2 16.764756 56165 5o0 2081 2420 826801 21 
3 6.940847 63115 $3517 2550888300570 3 
4 7.06 5786] 69956] $7320] 28959 184“ 4] 

J [7.162695 76691 63829 8.23317 362%; G 

5 7.241878] 83323 C4251 366% $493! 5 
7 j7.308825] Bg85S| 67727] 35 73/77 

| © [7.355817] 93292] 71137] 83% 89g. s | 

| 9 [7.417970[$.302633] 745 08.740258. $6.58, | 9 

| 10 7.463727] 08884]. 77577] ___ 2922 < wy £4334 .4© 

| 11 7.505 120 5 46 bt $1103, £207 17 217 10 | 
12 7.5429 21122 847 4 7479 2051 12 

| 23 [7-577671] 27114 $7794] $740 7372 13-1 
14 7.605857 33025 9195815.751959 59371 141 
15 7.629820 388 56 94283 2273.871004] 13 
16 7.667849] 44610 57492] (64573 2775 16 
17 [7.694179] 502898. 500677 * 55 4459 15 

118 [7.719003] 35895 9283918.7 65872 6152] 1% 
19 2.7444] 61430] oSg78] 3055 7849 19 
20 7-79 4761 | 66894 | 10054 $245 9529] 20 | 


— 52 — 


A Table of Logarithmic Sines. 


o Deg. 


7.7 593 


22 7. Los iqe 
23 7. 254518. 
247. 22934 
25 7. 


61667 


7. 26119 
7. 40942 
7. 55082 
7. 68870 
7. 82233 
7. 95198 
8.007787 
8. 2002 1 
8. 31919 
8. 43501 
8. 54781 


9. 11595 
8. 19581 


3. 34557 
8. 41865 


g. 


8. 65776 8. 


8. 27133] 5. 


1 Deg. 


8 372171 
77499 
82702 
3. 87962 
8. 9:101 


ä——— — — — 


8. 98179 
8.403199 
3. 08161 
8. 13068 
17919 
8. 22717 
8. 27462 
3. 32156 


8. 36800 
8. 41394 


8. 45341 
8. 50440 
8. 54593 
8. $9301 


« 67985 


8. 72263 


8. 76498 
8. 80693 


8. - $4848 


63665 8. 


— 


2 Deg. 


8.612823 
8. 5891 
8. 8937 
8.621962 
8. 4955 
8. 7948 
8.620911 
8. 3854 


9073 
8.701589 
8. 4090 
8. 6577 
8. 9949 
8.711507 
8. 3952 
8 6383 
8. 8800 


Deg. 


8.766675 
8. 8827 


$.770970 
8. 3101 
8. 5223 


9777 


8. 8117268 
8. 36678 
559818 


8. 

He 7522 

8. 9436 

8-$821242 
3240 
$120 

8. 7011 

8. 8884 

8 

8 


830749 
26097 


8. 4455 
8. 6297 
8, 8130 


8. 99568. 


8.841714 
8. 3584 


4 Deg. 
8.379915 
8.881507 
8. 2258 


7398 
8. 8850 


8.940296 


— ——— 


A Table of " Logarithmic Torge 717. 92 


22 7. 8061548. 7762218. 6261|8. 9578 8. 8859] 22 


. * 


i 267. 787088. 98:15]8. 83408. 8114]8. 947 
3 27 | 7. 95099 18.403338 |8-631303[8.7$0222] $.891112 
28 | 7.910894 |8. 08304|8. 425618. 232018. 2742 28 
29|7. 261348. 1321308. 7185|8. 4;o08]8. 4306 2g 
307. 4085818. 18063 [$8.64-:c93]8. 6486 5. 5984] 30 


31|7- 551008. 228698. 2982]8. 8554]8. 7595] 31 
3207. 6888918. 2761808. 5853 8.790613] 3%. 9203 32 
33|7- 82253|8. 323158. 87048. 2662] 8.900803 | 32 | 
34|7- 95219|8. 35962[8.651537|8. 470i]. 2395] 34 
358.0078098. 415608. 4352|8. 673i]3. 3,87] 35 


| 47|8. 35351 |3. 9325008. 678488203848. 2619] 47 | 
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*30 Logarithmic Sines, Degrees 5, 


—— CC EET — —_— 8 


6, 75 8, 9, IO, 11, 12. Logorit 


. 1-03-48 — . 9 
5. 018.94.029611738 3174 4505 [6034] 74:6 13874 | 0287] 1696 300% 
100 95 4409407284867 C1429 2801 | 4170 5534/6895 
20 68245747 | 2289| 3525) 2952 [6292 [7619] 5941 | oz; 
30 $5.1573|25"3 14189] 5491575915033 [9374 [0660] 1943 34 
40| 99-4497 [5765] 7026| 8293 |9560[0815|2069| 3318] 4563 580 

5 0 19:02.7040]3278 951010737 [192513182 04450 5613] 5824 [5oy 
6. of 9: 52350435162 ½ [4216|5:031£335|7557| 8544 [on 
10 ©3.1059|225<] 3421} 4552| +741 |6895 | $048 [91970342 14% 
201 04.26:51376214395 6025071548279 94000519 1635 2760 
30 O. 3859 49 0 207117172 $271 9357 j ©0460 1551 2639 3724 
40 | Os. 436658858952 8036 910701761242 2305 3306 | 4424 
50] 07:-54%015533[7583(8531| 907510719] 1759] 279713832! 4844 
7. o| 08 58546922 7947 | 8970! 99% 1008 202 3037 | 4047 505 
10 09.6061 |7065 | $956 ; 9. 65 10051j1056] 2047] 3037 4025 | 5019) 
20 10.5992|6973]7951!8321\gg0r [0573] 1842] 2809] 377411747 
20| 11.5658 6656 7512 | 4566 95191459 | 1417] 23623306] 41g 
30] 12.518;|6125] 7550j 79g3 8925 955410781] 1706]2630 3750 
270.6272450 15037 | 99440850] 1754| 
8. o| 14.3555 |4453|5350{6243|7135|8026|5g15 | g801[0686| N 
10 15,2:51]333c] 42c8 j $0831 595716830] 7700]8569| 9435 | 0 
20 16.1564|202+ | 258513743 | 460905454 6307; 7159 8008 8 
30] 16:9702[9546] 1359|2230|3070|3908 [4744|5578| 6411 |724 
40 17.8072 [5920] 9725105511 1374|219613015] 3834] 46511546 
50] 15.62501709-17903,;"7121951910325[1130[1933] 273435 
9. 19 4332125925719 75½½ 02909879066 14 
10] 202234]301713797 [4577 5354613116906 76798452 9220 
20 993212755] 52502271 30553818 457953386097 |65;4 
30 21.7609 836391169868 0518 1367127152861 3606430 
300 22.5092 [5933] 557217311{844815784|9518|e252o0984|171! 
50 | _23 244413172 |2-9914225 | 5349 1607316795 [7515 [82351663 
10. © 9570 03860110118 4252632373947 465675363650 
101 24.6775 [747888181088 3 9553102520980 1677237530 
25] 25.37614453/ 51443834 652372117898 858309267 
300 26.0633|1314]1994|2*73 3351407 470/5377 | 6051 [$7 
9402 j 0009 10735|1399| 2063 | 2726135 

58 57 (6024 | 0981173371 7991 | 8644 [9297 99 

2544 1 2199|3536|4180|5124|5760|6, 

964 , 9-00 [0235|c870|1504| 2137 |2:6 

5256| 591316539] 7164 [778818411 90% 

11421322748 3364|397914593 | 51 

7650; 8259 j $867 9174 [0800685 | 11% 

3693 | 4297 48.6 5495609266 8 

9859 2 98840 14,0 2019] 2007 |31j# 

-[5534 6117 |67eo|] 7:81 [7862 8442 | 90! 

134815032478 30 36244955 

7243 761081760 87429306987 04% 

2679| 323913797] 435549125409 (54 

8240, 5792[9343] 5893 [0443] 09921 134 


| . | c O 


1 


Logorithmic Tangent: Degreer, 5, ©, 75 8, 9, 10, 11, 12, Inden 8, 9. *21 


e 
0 8.94-1952 1340+1[4552[6295 | 7734|$1-8[0597 [2021 341 4356 
10 95-6267 [70731 $9751 0473 | 1326] 3254[4-39]6019 [73948765 
20] 97.0133[14;6| 2355] 4205 |5560|6906|8248 958610920; 2251 
30 99.3577 [4893[6-17] 7532 [83420149 1451127501045 | 5337 
40 $3 6524179--[9185|-465 | 1737] 3097 | 4272 5524675218047 
799298541798 3031 4288 J02 6732 7959%% 83 | 0403 
＋ o| 02 1620283404525 [65570588 C2 7 | 2325 
10 03.3606 4,16 59/%/144]8316 9485 [0651 181329734130 
20] 04 5284/54,4/5828727 869 10082144327744073 35 
30] ©5 4559778 850-0016 11302240 3348 4453155 5 6655 
40] ©6.7752|554-| 938] i027 [21133197 427853566472 7505 
07.8575 | 9844] 710[1773[2823|3891] 1547 [co ohe fog 
J. of £8 9144[0ig7]1.28]2266]3302[43 35 536762957422 b446 
10 ©9-9468 |0457]1504|2515|3532[414215550\6556]7559| 8560 
20] 19:955910550} 1551125431 353314521 5507 (0491174728452 
30] 11 9429104041 137712348 |3317|4284|5249i6211[7172| $139 
45] 12 9086] 0041 o0gg3]1944 [2893 [3859] 4783 |5726 [6665 | 76 5 
5o| 13-8542|9476]0409|1340 220913196] 4121 |c044 5955 0885 
Is. of 147% 28715] 9532|0544 | 1454 2363] 3269|4171[5077|5978 
10 15.6877[7775]3c71[956+ [04571447 2235| 3123 [4025 ! 4892 
20] 16.5774|©054]7532|8409|9284 [0157] 1029 | 189, 27671363 
3o| 17.4499]53021]©224|7c84|7512|8799]9655 50813602211 
400 18.3059|3907[4752|5556|6439|7.80|5119|5g9.7|97c4 |c629 
ql 32] _19-1462| 22941 3124[3953[4780|5605|6430!172< 305074 (5.91 
q 1 8 | 9712 052911345 2159 2971 3792 $2921 14-0 6207 7012 
10 20.7816 861994200220 101818 1525113705 [419% 4989 
20] 21.57 7965687356814 8926 571004921272 [2552 2830 
30 22.360643 52515355529 67007471(8239 0079773 0533 
40] 23.1;02[-265|2526]3586 | 434515103[5859|6614]73<8|$120 
50 8471952210371 1118018581334 4097 453915579 
Io. © 24 6319] 70571]7794|85;0]| $9264 |9998]0730 | 1461 219179790 
0% 25.364843740¾ 05824/6547 7265795087100 94:8 [0145 
20] 26.0662|1575|2292|2005|3717[4428[5138|5847]5555 7201 
30 7967|857119375|cop7c779[1479|2178 [28753573 | 4259 
40] 27-4964 | 565810351] 7042 |7734|842a[9113|9:01[o0489| 1174 
9 _28-18-8|254:13225|2507| 4588 [5268] 59471662473" 1797 
1% B8652(93261999910671 [13422013] 2682 [3350[4017| 4654 
i] 29,5349| 50166777339 8001 | 8662] 9322 |y9ySo 063811295 
20] 230.1951 | 26071] 3261 2914] 4557 5216 586916519 7167 "$15 
30 $463|9109[9754|0398| 1642 [1655 |2329|2967 [35-8 4247 
4c) 31.4885 | 5523115916755 | 7430064 [5697 [93299961 [04,2 
—] _32-122211851 12479] 310613733 [4358] 49%3 [5607 [*2:0 [685 3 
12. 0 74480958715 933419953 1957011187 [1:03 [2418033 
0 33-3646|4259[4871| 5482| 6053 [6702[7311|7915|3527 [5133 
20 9739| 234410948] 1552] 2155[2757[3358[3955 [4558 [5157 
30] 34-575S| $35: | 6549] 7545 | 8141 [8735|9329|9922 [0514 | 1105 
40} 35.1697 | 2287] 2876 2465 | 4053 | 4640 5227181315358 [6582 
50 7566 8141873119313 9893 0474 1053 0163212210278) 
| — IS —_ —— — 


n. 


|*32 L-garithm Sines, Deg. 13, 14. 15, 16, 17, 18, 19, 20. Index . 
17C7Cßàbh%%R 8 
113. © 35.2038 ½63531810372604271 [48155358591 [6443 6984 
| \ 10; 7524 18064|8503] 9141 [9678 [oz15o75t|1287 [1822 2356 
1 20 35.28%913422[39;4] 4455165545675 [6504 [71317859 
| 1 30 9185871192357 2508083301852 [23732894 
| | 42 37-3414 13933 [4452]4970| $437 [60036519 [7035 [7549 | 8063 
| |_ 59; 8576 9239 [9601511319524] 1134[1643 [2152 [2660 | 3168 
| 14 0 38.3675 14181 |4687] 5192[5697| 6201 [6704 [5207 [7799 | 8215 
| { 10; 8711 ;9211]9711f02iofo758] r206[ 1703 | 2199 | 2695 3190 
| 20 39.3685 [417914673] 5166 3558]|6150[0641 [7131 [7621 | 8111 
30 860019083 [9575100525549 [1035 [1520 2005 | 2489 | 297: 
| 40 49.3455 13935 [4422] 4301] 5351] 586215341 [6820 | 7299] 7777 
59 8254 15731 [9207 9552[0i5710532|1106] 1579 | 2052] 2524 
| '5- ©, 41-2996 [3407 [3933] 4405[4378|5345|5815|6283 [6751| 7217 

| 1100 7684[8149|8615]|g079|g514 0007 [0470|0933 [1395 | 18;7 
| 20 42-2318 [2778] 3238] 3697[4155|4615|5073 55305987 6443 
| 30] ©680917354|7809] 3253[8717[9170[9623 0075 |0526| 0978 
40/43-142911379(23281 2778[222613675|4122| 4569 | 5016} 546: 
| |_ 59] _ 5951935316798] 72427585 [8x29 [857219014 | 94561 9697 
16. 0144033019775 121] 1658209512535 2973|3410| 3847 420 
| 10} 4720151551559] 5025[545916893 7320[7759 8191 | 8623 
20| 905400485 [9915 2934510775 |1204| 1632 | 200 2488 | 291; 
30145-3342 [379814194] 4515] 50431 54691 589316316 [6739 | 7162 

40 _ 7584295510421] 3845 | 92658[9588[0108[0526 [0945 | 1364 

| __ $0140.1752 12199 2016 323213448] 3804[4279] 4694 | 5108 | 5522 

17. 0 59351234816761] 7173] 7585 [7997 | 8407 8317 9227 9637 
10;47.0046 [045510363] 1271] 1678| 2086 2492| 2898 | 3304 | 3710 

20 41151451914323]5327[5730|6133 |6536 6938734077 

| 30 814285428942 9342 5741 01400538 0939 [1334 | 1731 

| 4048 2128252529210 3316 371214107 45014895 5289 | 5682 
[__52] 907510497 19859} 725 i [7643 [8033[8424| 8814 [9204 [959 

18. of 998210371[0759[ 1147 15341922 2208 3605 28812466 

10 49.3851 1 4 5005 88 5772 . 9 Ges 4 

20 7032 5063 | 8444 8323092049584 9963 0342 | 0721 | 1099 

39 | 50-1476|1854' 2231] 2557 298433403735 4104485 | 4860 
E 1 53545727 759977107843 | 8214 |858; 

50 8556 9329 9096 0055[5434|0803 1172154011907 | 2275 
(19. 0[51-2642|30909| 3375] 3741[4'07|4472|4837| 5202 | 5566 5930 

12] 62945557 7027382774808 10% 8468} 8829 | 9190} 955! 

20 9911|0271|0531] 0990 1349|1707| 2066] 2423 | 2781 3138 
352.3453852 4298] £564] 1920|5275| 5630] 5984 | 6339! 6693 

40] 74017409|7753} $105[8158|8810 916109613 9864 19215 

52|53 0505 [ag15; 1265] 16141953 23122661 3009 3357 370% 

20 ©| 4052[4399{ 4745] 599115437 |5783|6129j 6474 6818, 7163 

10 752717851] 8194] 853718880 [9223 9565, 9907 0249, 0590 

20 [54+0931[1272| 1613] 1953| 229? 26322971 33101 3649 3987 

30] 4325/4663 500 333856746011 6347; 6683 | 7019 7354 

40 7689 70248358 38930269360 9693 0026] 0359 0691 

50 55. 1024 [135601687 201882349 2680 3010 334113670 4000 


1 Lor. Tangents, Deg. 13. 14, 15, 16, 17, 18. 19, — r 9. 


29.1359 
6771 
40.2124 
7419 
41-2658 
7542 


42.2973 
8052 


42.3080 
8059 
44- 2988 
7870 
45.2506 
7496 
46.2242 
6945 
47.1605 
6223 
48.0 o 


3339 
9538 
49-4299 
8722 
50. 3109 
7400 


51.1776 


6057 
52.0305 
4520 
8702 


332853 


1 


6484 
Oo 28. 
4939 
9119 
4260 


2 

4515 
2231 
5881 
1465 
5987 


3 [2447 


7846 
3187 
8471 
3699 


8573 


3993 
9052 
4080 


9948 


3958 
8341 
356% 


7382 
1468 
5524 
9550 
3548 
7517 
1459 


5373 
9261 


7.3234 3124 
6 


58.0 To 


6958 
07691. 


4503 

$566 
4579 
9543 
4458 
9326 
4148 
$925 
2658 


8347 


2995 


7601 
2167 
659; 
1180 
5530 
9O i2 
4418 
8759 
3064 


7335 


1573 
5778 
9550 
4092 
8202 


2281]: 


6331 
0352 
4344 
8308 
2244 
6152 
003% 
3892 
7723 
1528 


4735 
0070 


4947 


2. 
5564 | 6237 


1367 
7003 
2575 
$084 
3531 


. 


1933 
7563 
3128 
8631 
4073 


891919455 


42 4 
9521 


5011 


5078 
0036 


9810 
4628 
52056 
4125 
8814 


2621 


34571? 
9059.8 


4778 
0545 
5257 
0415 
5519 


— 4 — — 


og 


8496 
2286 


6 
6810 


1155 


4560 3044 
5807 
258 2 


5539 


9211 


9432 
3982 


:Gnü— 


8492 
2965 
7399 


6159 
9957 
4777 
9034 
3259 
7451 
1611 
5725 


8 
7973 
3029 
9229 


O27© 
$94 
1055 
8364 
1015 
6810. 
1951 


7041 


2075 
7067 
2006 
6898 
1743 
6542 


1297 


1797 2235 
0210 


318345 
2351]: 


CO 


4766, 


33 


*. 
852 

4195 
9797 
5337 
0915 
6233 
1991 
689. 
2137 
7320 
2483 
7547 
2580 


0476 


4542 530315763 
9889 


; 4435 


0G41 
3410 


7841 
6593 


5204 


1141 


9458 
3.79 
7868 
2025 
5152 


— — 


22450 


4310 


65329 
9279 
4202 


8097 


1967 
5810 


$1 9027 


422 


: 
| 
\ 
J 


4 
| 


„ 


34 Logar. Sines, Deg. 21, 22, 23, 24, 25, 20, 27 28. 1. 7 


.. 
21.0] 4420 458 4087531565643 56299 6626 695375 
100 5760679328258 85838909 9234955809883 O 0c 
20 56.085 411178] 1501]1524[2146[2458|2790[3112] 34331375; 
39] 407543964716 503653565676 599515314 | ©932|6y41 
40 72697587 7904822218539 885 5917294889804 
_59| 57.0435 2751 | 1060] 1380] 1695] 2009] 222325262949 
22.0 357613888]4200[4512[4824|5136|5447|5758| 6008065. 
10] 66896939 |7309|7618[7927|8236|8545|8853| 9162/04 
20 9777 49954 0391 [o699] 1005 [1312[1618] 1924 | 2229] 2; 
30\ 53.2840 13144 [3449] 3753[4058 | 4361 [4665 | 4968 | 827 25% 
20 5877,0179|6482[6783} 7085 [7386|7588|7988| 82894; 
50; _8800,9190 9439|9789j0088|0387 [0686|0984] 128211; 
23.0, 59.1378 [2175 |2473|27701 3067 [3363135591 3955 [4251146 
10 43842 5137 5432 5727 6021063156609 69037196 
20 7783 8075 8368 86608952 9244/9 5369827 [oc 
30, 60. o 0999 1280 1570 18901 215012439] 27281 301713 
30 35394 3881/4170|445714755|5032|5319| 5606] 5892 
_59| _ 6465 675117036|7321 |7607 | 7892] 81758461 | 87451 
24.0 931395979880 [0163 044607 2910121294 1570 
10 61.2140 242112702 2983 3264 3545 3825 4105 4385 
20 4944 | 5223155025781 |6060|633816616| 06594] 7172 
30] 97727i%004|8281 |8558]8334|g110]9386| 9662 | 9937 
40 62.0488 0763 193813131158711 861021352409 2682 
22 e 2 14047 [431914591 14803151351 5406 
25.0 594816219 6490 6760 7030730075 77840 8109 
10 864789169184 [945319721 | 99890257 05240792 
20| 63.1326(1593|1859 {212512391 | 2658] 2923| 3189] 3454 
30 43984|4249[4514[4775]5042|5306] 55705833 6097 
40 6623 1688617148|7411] 7073] 7935] 8197 [8458] 8720 
50 9242050390764 O8 0544] 0804 | 1004 | 1323 
26.0 64.1842 21012360 261828763135 3393 |3650| 3908 
10 44234079 40365193 54557005962 6218647306 
20 698472397494 7749 8004 | 8258 8512|8766] 9020 
30 95279781 j0034 |0287 9539 0792] 1044 |1257 | 159 
4©, 65.2052j£30312555 2820 | 3057 13307] 3555|350- | 4058! 
_50] _ 4558142815057 [5307 | 555 580516054 [0302 | 6550\b 
27.0] 704717295|754z|7750| 8037 |8284| 8531 [8778] 905 
lo] 9517j97631l0009|9255 [0500[0746|0991 [1236] 1481 
20| 66.197012214 [2459 [2793] 2945 | 3190] 3433 |3677 | 3920 
20 4406j4648|459115133] 537515617] 5859|01c0[ 6341 
40 6824/7065 730575467786 802682668506 8746 
50 922594649703 994201810419 0658 [08901340 
28. 0067. 160911847 2084023212558 2795] 30323268 355% 
100 3977042134448 0468449190 5155] 5389|5024 | 5859 
20] 632816562[0796|7032] 7204] 7497] 773117964 | 5197 
30 866318895 [9278]9360]9592| 9824{ 0056 [0287 | 0315 
40 | 68,0982 1213114431674 1905] 2135] 2365 | 2595 | 2852 
eo 27102514 13743] 3072142011 4430[405g[ 4587 15115 


Loe. Tang. Deg. 21, 22, 23, 24, 25, 26, 27, 28. In. 9. 
eee ee eee 
Ee. 08 417714555 | 4932 [5399 [5585 [5052 | 6439|6315| 7190 
174183168591 [3965 [9440[g514 [o188[0552|0935 
200 9.1581]2054|2426 [2798 [3170] 3542 291442854656 
30 532772815135 [6508 [68 8724776167985 9354 
zc| 999019459 [9827 [oigg [0562 | 0929 | 12961 1562 | 2029 
5 P2:275113127 [34933353 [4223 | 4588 | 4553] 5317| 5582 [6 
22. of 9419]577317137 [7500|[7893 [82288588855 9312 
10j91-09935[03 37 [9759 [1120 [ 1480] 1841 | 2201 12561] 2921 
2) 394' [400014355 14718 | 55775435 579361516509 
zo] 72247591 [793318295 [8652] 90-$ 936497200075 
40[92.0737]1142 | 1497 [1852 | 2207| 2561 291532693823 
325808 | 5701 [6033 64797 7145 
23 of 7385208203 5554 6059255 9505} 9955] 0305 [0555 
1093-13-411704 | 2053 [2451 |2750! 3098 344737954143 
20 433815185 [5532[5579|6226|6572|691$| 7205 [7511 
200 83218547 89925337 9582 [0227 | 0331 7151050 
49194-1747|2091[2434[277713120| 3463 | 3806|4145|4490 
5174596 3857 [6189 55408881 722273627903 
24. 858359239263 96029942281 062009591295 
19195-1974 |£312| 2659295813326 3663 4209] 4337 4574 
20 53485634 602063566 5592 | 7028 73531] 7699 8034 
300 $704199391937319797]0242| 9376 0710| 10431377 
406 204 237627093042 3374370 | 4039] 43714703 
of $366 5697 622915350] 5591 | 7021 | 73421 7682 5013 
25. of 85729002 933295619991 93209549 097711306 
1067.19 532291 0261929473274 3692 
20 82375854058 900[6 21565436869 719475207845 
30 849688219146 947 | 9795| 0120 0444407581092 
408.1740 206323562710 303333563675 4001 4323 
52]__4955|5299|551215931[5255|5577| 689872197540 ; 
3818285028 31914: | 245319753 010304220742 
1-19-1381 l70o|/20i91]2335| 2655 { 2975 3293] 361213930 
25 456614853 |5201[5518|5535|6153|6470| 67861710} 
30 77351 $253[335312535] 9201] 9315 | 9632] 9947 1026; 
40170-0333} 1208 [1523|1337| 2152 2465 | 2789] 3095|3429 
50 _ 403514349140631[4575| 5292] 5593 | $915] 622855 41 


27. © 716617478 77-0|8102| $414|87261| 95371 534319550 


5 5 

10.71.0282 059319904] 1215| 1525 183621461 24562765 
29 339913595 4005431446244933 $242] 5551 5359 
3] 647767507401 7709089173325 8633 18340 


4A 9555193*215159]0475|0782|1039| 1395} 1702|2093 | : 
| 52172-2621 [23273232 35351 3541]4149 +4534; 475915055 
s. o 567; 3725284155388 5392 2197 7501 705 8109 
lo] $8715190201[9323[ 9525 992919232 0535102881141 
2073.1745/¼ 2048235102563 2955832573578] 386114152 
30 47641505: [5357] 4658] 5958 5269] 6570| S*%11 | 7170! 

4 777115570[5371] 3571 897 1]3271| 9570 9370 0159 
_ $0,74-0767 [1055 | 1365 1604 1952 | 2261 2555| 2853j3156 


E 2 


*3, ar. Sines, Des. 29, 30, 31, 32, 33. 34» 35» 36. In. 9. 
DN 
27.058.557 [57990 50276254 6482 6705 533017163 735. 161 
10) 7542]5099|8295|852118747,8972|9155 19423 |964%| 9%, 
| 20 59.c098 3323 0548 0772 0996 1220 1444 1668 189. 
30 23392562 [27851 3003[32311 3453132753898 (41207, 
40 435547865 5229 450 5571J[58920[6113 6334 
— 51 704 59,22156/7435/7654 78748248313 85320½% 
39.0 897019159 [9107|9526|9244;00 228 10498 [0716 
10170.115+]12 811555] 1802 2019 2236 245212569 {285] 11; 
29] 33171353313749|2954 [41794395 491914825 [50,0]; 
30] $545.[5583|539716:11215325[653516753]5967 |7 180 1z; 
+: ..49 7506|781918032|8245|3457|8670 $382 | 9294 | 9396 351 
_52|__9739| 9241 [91531 9364[9575 [0786|2997 | 1298 | 1419] 14 


31.071. 18392042160 2469} 2679j2889|3998 [3305S | 3517] ;7% 

a 39351 4141143521455 i[4759|497815185 [5394 35010505 
21 6017]5224j0432[5639|5845|7053]725917455 | 7672787 
32] 8035]*291|3497|8703[8928|9114[9320|9525 |9730]9zz 
42172.0140]9345j054310754[0953}1152[1365[1570 | 1774|1gj 
JS 218112385 |2588|2791|[2994|3197 [3470 3603 [3805 [429 
32-0] g215] 1411[4514]4515]5017]| $214] 54:0] $622 552350, 

10] 6225542616526] 5827|7027|7228174281]7528 |7828|8-17 
20] 8227] 3427|8526|8825|5024| 9223 |$422 | 9521 |98 19 fo0ʃ 
3073. 0216415 |0613[9811]1009]1205 [1404 | 1691 | 1999] 19; 
| 2] 2193]2390[2587|2784|295013177[3373 [3569 [3764354 

— 415714353 [4543] 4744[4939 [5134153 2915525 [5719591 
33.0 6105 6303[5498 6592163357080 72747467 76610755 

to! S048 8241 0843408625 88 2090139205 93989590000 
20] 99740157 035905500742 j0934|1125| 1316150763 
| 32 174.1889] 2550 [2271] 2462|2652 284230323223 [34123521 

4%] 3792[3952[4171[4351]45501473 [4928 [5117 [53051545 
_532] $632]5871[6059}6 24815436 1652415311 ][6999 [9187|731; 
| 34+©] 7562177497926 8423 831008457 8533 [5870 90561 
'' 1094295615 980159870172 0355 [05430725 [09141193 
x' 20 75-1284} 1469[1554] 1528 2023 220) 2392] 2575 [2760124 
| 30 31281331213495 36793 62 4046 422914412 39747 
| | 40 496015 14352255508 5650 587260545236 [5418 1669! 


N 078105963 [7144 7325 7507| 1688 7869180498230 


— — — — — — — ꝗ—— — — 


395-0 8591|877218952|9132|9312{ 949219572 [94351 [0031021! 
0927 I106| 1285 | 14541542 | 1821] 153) 
20 217712356 |2534|2712 2889' 3057 324513422 352718377 
30] 395414131]4308|4485 |4652{ 4838 [50155191 [5357155 
40] $57201]589516071165247|6422 6598 1677415949 7124/7 
| 50 74751764917824\7959|8173 | 8348 [8522|$596 |3571] 92 


36: 0 9219] 93321955619740 9913 o 87 1025010433 [26060771 
l10177-0952|1125|1298|1470|1642 {18151987 [215g [2331255 
20] 2675|2847[3018|3150|3361|3532 [37043575 [494642 

30] 4388455884729 48995069 405 

40 6090162596429 65 98[6768 693771067275 17444]7-" 

0 7781 7050 8110 8287846508623 8791 8959 19127] 9%) 


O 
— 
Oo 
Q 
2 
O 
O 
1 
O 
\O 
O 
— 
pO 
OO 


A=. Tangents, Deg. 29, 30, 37, 32, 33, 3s 357 30. In 9. *37] 
D * O [ 2 3 $49.3; 1-61-2313 5 


— — — — 


— — — = 


| 9. 0174- 3752]495014345| 3345 [4943 [5240 [5538 [5335 [5:32] 6425 
10 $6725170231731917515|7g912|8202|$505[3501[9097| 9393 
20] 963919985 j9251]2575|0872| 1157|1452]1757|2052] 2347 
30{75-2542]2937j3231[3525[3$25| 4115 [4429]479314997] 5291 
49 5585158781917 215455 [5759] 7052[7345|7538]7931| 8224 
50 8$5171$81919102[939; {953-1 9279 [9272 9554 0855 1148 
30.076. 1439 1731 |2023 2 31412556] 2397 |3133]3479[3770| 4061 
loj 435214542|4933[5224|5;14| 3805 |6095|53351]5675| 6965 
29] 725517545[78:4[8124|8415 375318592] 528119570] 9859 
30{77-214>[0437|9726[1015[1393] 15321 1885|2163]2457| 2745 
40] 393313321] 3605[3595[4184] 447147591 594615333] 8621 
50 590316195 648216768 7055 7342 7628[7915|S$210] 8487 
31.0 8774|9999[ 934619532 [9918] 0203]0485[0775|1060] 1346 
10178.163111916|2201]2485 [2771] 3055|23411262513910] 4195 
20] 4479 475450485332 55160 530015184 [645316752] 7036 
30] 731917503]7885151701]8453| 8735|9019|$302[9555 | 9868 
40179-015112433[27 16/0999 j 1251] 1563|1846|2128|2410] 2692 
560 297413255[3538[3819{41or] 4383 [4654|494515227] 5508 


42-0] 5$789150701635115632 (6913, 7194[7474[7755 [8936] 8316 

10 $859615377|9157[9437 9717! 9997|0277[0557[0836| 1116 
20080. 135916751955 2234 2513; 2792 3072335102630 3908 
30 418744554745 5023 5302 $580|5859|6137|64t5| 6693 
40] 697317249] 7527| 78955 8083 8361 1$53$1891619193] 9471 
50] 9743122250302 [0580 0357, 1134 |1410|1687|1964 2241| 


_—y "x e — — — — 


33: 0]8t .2517|279*[3070[3247 3523, 3399[4175| 445214725] 5004 

io] $27915555|5831|6107 5382 665316933 72097484] 7759 
20] 8035[8310[858s [8350 9135; 94191563419959109234] 0508 
30182-0783] 1057|1332|1606 1839] 21542429 27032977 3250 
49] 3524137931 497214345 [4519, 4333 |5166|543915713 | 
_50] _6259|5532|6805 [7078 73531 7524 78970 8170084428715; 


34.0 $957 9259 9532 9805 0077 0349 0521 08931165 1437 4 
2183.1709| 198t|2253|2525 |2795; 30955 [3339] 361113382| 4154 
29 4425045984957 5238 £5091 5780 |605 1 53226593 6864 
59 74340745775 79468216 8487 87571979 2979555 
42] 9g8381010510378[0547 |ogr7 7 145717261996 2266 
2184.25 35 2805 3974|3343|3512| 3332 4510442004589 4958 
35.0] 52270/8496 57046033630 216571 [683971077376 7644 
1 7913081818449 8717 “(8985 9254|9522|9790[0057| 0325 
85.055308 1112812951664 1931 [2199] 2466|2733| 3001 
30] 3268353502802 | 4059 433514503[4$70[513715404| 5671 
40] 59381520416471[6737[7004| 727017537 |7803 8059 8336 
904 $002 $568 91349490 [955599320198 246410730 0995 
36.085. 1261ʃ1527 1792 2058123231 2589|2354|j3119]3385 | 3650 
0] 391541804445 47104975 52405505 5770653516300 i 
20] 655415825] 7094|7358]7623| 7387 | 8152|841618680 8945 1 
30 9209 [9473 3737 | 00901 [o26s | 05291(0793[1057[1321] 1585 | +1 
40]87.1849|z112]2376| 2640 2903 315713430135941[3957 | 4220 
01 4434147471 eto 


CO 
O 


O 
»A 
2 
\ 
128 
CO 
— 
— 


: 
: 
{ 


— 


por” 


N 
; 
i 
| 
( 


2 22 Deg L. 37» . 2 7 _ 41, — — 44 LT 
— 


8 * 2 


37-0 5 57 — 9565 


N. 


5575 0300 IF 2 = 


1078.113031 145716341800 1956021322295 24642690 

20) 279625606127 3292 3457 262313788 395341180426 

30 4447 14512 4775 | 45941 |5107 526915433 15597 5701 59235 

g 40 5089052525416 6579 2256 5 z05 17059 (723217395 7550 
1 o © FF20 7553 3915 \8289|5 3372. 213532 3594 8856 9215 (913; 


38.0; 934219549 16551 9325 9988101450310 [9471 9532 ſoyg 
10 79.0954|1115|1275|1435[159511757109 07 2077 [2237 % 
20 2557271612876; 303513195 [3354135 03 3673 | 3532] 354 
30 41494398] 445714525 4734 1494215101 52595417 |551 
| 40] 57331559! 5518625515354 [557115573 | $839 5793 

50 72077464 2621 7777 7934 8091 13247 | 8403 8550 [8714 
| 34 533919495 [995119805 | 99929117 ſom 

10 80.0427ʃ0582 07371 0892 1947 | 1201 1355}LiSL1 1565 1819 


3218|38358|$5191| 5669 8819 8959| 9119] 926915413 
10 956919718 586700170167 031610455 0614197631: 
20 61 25544555 135811597 1655\|1804| 1952} 2100 2245 [2336 
| 2544\2592]2340 


293713135 3283 | 3439 3578] 3725 


40 401914163 431314460| 4507 [4753 490015949 $193 
30 548515531] 57785923 (625310215 6258] CLO7 10058 
41.0 —6543 17088 7233 73787523 7658 7813 7958 $10} 


[Pp 829213530 363 3528 5969 911319257;940119545 5892 

$97619120! 2253 10505 5005530536079 
5 1457 1550 153 183519772120 226212404 
404 2888283002972 3114325397538 3650] 38215 
50 4104] 4245] 4256! 4527 4) $58 | 4505 4943 | 5933 | 5239 


— — — er e—_ — — — — — — — 


42.0 5511 $65115791| 5931 5571 52111535146491165z1 4157" 
10] 6319]70491}7159 732317467 7506| 7745175415922 [3101 
20 830154390857808716 385 5 [8933|913119259]94/7 
39] $9g683 1582113959, 0097 2344037210509 064619784 
| 1459] 1505 |1742]1879; 2015 21521223 
50 2425]2551]2697| 2533 2953 3105 3241 33773512 334 
13-0) 373313919] 4254| 415914325 [4159 4595 1473214555 [45 
10 51345259 54035538 5872 58065541 6075 [62091634 
20 6477\56111574515378]7212171451| 727» 7412 75461757 
30 7812179 151$975{$211]5344 8477| 860918742 3575|» 
40 9139152721904 953619553 9800 5932100540195 Ir 
55] 84.0359 [2591 072210354 ws 1115] 1247] 1375115099 164 
41.0 1771 [1902]2033|2123]229+ 24242555 12685 [28152 
10 307513295[33361345513525 [3725 385513954 [4114139 
22 4372145524531] 4750[4559 50180 5147|5275 [5404156 
30 565215799] 5919159475175 [52041 5422 6550 [6585 61! 
7454 a5920 7709 7835 [7954 [5 
8725| $385218579 9105 923212370 


» 4 hte 
&; «ch ris Ac 


| ar. 1angents, Deg. 37» 38, 39, 40, 41, 42, 43, 44. 
Log A 7 


6 | 
E 
' O I 5 SRL. 16: 8428 8691 8953 
2— 87. 711473777640 7992 2d hy. 2[1314}1576 
$7.0|87.7 0003 | 2265[052% 0790] 105 414196 
10 9741 2887314803410 3672395 6810 
20 88.2363 2625 of 5765|6025| 6288 | 0549 
498052425503 8539] 8900 9160942 
30 8 811600377863 9 5812028 
40} 759417 85 2569.150288 4632 
50 00.0204 10405 3331| 3591 3851] 417; 4371 . 
. 28 1003070 333 6452 67126971723 
8. o 201920645 7 4 827 
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6678 |6789 | 9999170101 712017230 734074780 70% 
7780 |7889 | 799915109 821808328 8437 8847 8656975 
88758984 9093202939420 95298037 97469 
9963 [0072 c180]o289]0397ogog e 107210829] yy 
88.1045[1153 126111309] 1477 |:584 1169211799] 1907 | 2014 
2121ʃ2228 2330244312555 265727642871 [2977 3c% 
co 319113297 3404 [3510] 30173723 382913935 | 4042 | 414 


E. Tong. Dx. 455 46, 475 48 49, 50, 51, 52. I.. 10. 11 


ARES ESULTS MEACRENCD 
| ob 253 [P7595 [07581011] 1263| 1916[ 176g 2021 2274. 
0% 25277779 [303213285 [3537 [3790] 1043] 4295 45484801 
2 5053530 [$559]5811þ.5064[631;{6569|6822 70757328 


| ' 755c1 83868338 [8551 | $844] g0951 93 O2 
1ob1.910710360 06 . 310866 [1118| 137? 12 4 1275 1385 
. _2635 1285 [214013393 3648 |3*95[4152[4404 [46574510 
5167516586892 [6174 |6427| 668016932 [718517555 
i-| 7694 [7944 [$197]8 450 [$703 | 8956 92099461 197 14[9g67 
202. 0220043 [07 20619979 |1232[1485|1738| 1991 [22442497 114 
30% 2750300 332563509 37624015 42684521 477415027 
40 5280155345757 [604> |6293 | 5546] 6799] 7052 |7305 7550 

30% 7812 8055 [8318 [*571 [$825 | 9578|933119584 [9837 [0091 17 


147. 003-9344 | 0597 c851|11 4[1357|1611|1864[2117 [2371|2602 4 
10 2877|3131[3354[363- |38g1 [4144]4398[465 1 [4905 [515 
200 $412[5665 [5919|5172|6426 |9680[6923]71+7 1744017594 
zo 7947320113455 [8708 | 8952921949973 [9977 [0231 
4c 04.0484 0735109992] 2. 615001753 2007226125 152709 
col 3023132771353113785 4738429 2/4464 00554] 
gol 55631 581715071[532516579|6533[7087|7341 759517550 
rol $104]3355[35x21$867|9121 [9375 [6625] 9584 [91380392 
20105.0647 | ©gol 15614101664 1919121732428 2682 2937 
Jo] 3191] 314>1370113955[|4210| 4495 [471514974 15229] 5483 
40 $738] $99216248[5502 [5757 |7012[7267[7522177771[803z 
50] $285|35411]8796|5251 [9306 |$9551[g816]0072 93270582 


. 0/96 0837 | 1092113471602 [1858| 2113 |2358]2623 j2379] 3134 
10 3389] 2645[3900[4155 [44114655 | 4922 [517715433] 5655 
20 5944520064557 11 [6467 | 7222 747807734 79945 
zo] B5or | 5757199139269 |5524 | 97%0[0036]0292 10548] 0804 
40/07.1059| 13+6[1573 [1529] 2085 | 2341] 2557|2353]3110] 3365 
4048 | 49241 515c [5417 156731 5939 


e 51856443 [6700 [5955 7213 | 7470[7725 [795 5 8 
f 
| 


HER net. 


"avi, 


CO 


PPA 
Fe 
[ © 
N 

ou 

| to 

5 

22 
2 
—4 
oo 
Y 
— 
vo 
W 

FRY 
2 
\O 
— 


10 8753 9010 9267 [9524 |9750|cog8] 0295 55572 joscg 
208.1323 1580 183720942352 260912 86631233381 
30 3895 |41531441014558|4925|5182]5:4515695 1597; 0 


0647167886986 72447502 7760801865775 9533 
50] $0491 930719565 9823 0813200590 03551114 
551. 009. 1631018892147 2406 26642923311 24 49/3008 77 


10 421644744733 4952505805 57538(926 62805544 
20] 68037062 7321½75807835 | 8599] $353[5517 887665135 
30] 9395 | $554[9913 [0173 10432| 06,2035 1[121111470|1,55f 


2769 30283288 35483808 40084328 
5358562858864 [5409 6672] 6,30 
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401944.582{6501713|785|854|92z | 990058125 
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Juſt Publiſhed. 

THE Young Mathematician's Companion: Being a Com- 
pleat Tutor to the Mathematicks; Whereby the Young 
Beginner may be early Inſtructed; thoſe who have loſt the 
Opportunity in learning in their Vouth may with very little 
Pains, and in a ſhort Time become Proficients in this delight - 
ful and Inſtructive Science, and ſuch whoſe Bufineſs it is to 
teach, may receive Uſeful Aſſiſtance. Containing, I. Vulgar 
and Decimal Arithmeticks, Extraction of Roots, by Natural 
Numbers, and by Logarithms. II. Deſcripton and Uſe of 
the Sector, with the moſt uſeful Definitions, Theorems, and 
Problems in Geometry, III. Plain and Spherical Trigonome- 
try, Aſtronomy, Dyalling, and Surveying of Land. IV. Curious 
Diſcourſes, calculated to render a Practical Knowledge of the 
Mathematicks more caſy and familiar, The Whole to In- 
terſperſed with delightful and uſeful Queſtions, and adorned 
with proper Schemes in order to excite the Curioſity, and 


form the Minds of Youth, By Charles Leadbetter, Teacher 
of the Mathematicks. 


LONDON: Printed for J. Hop Gs, at the 7ooking- 
Glaſs on Londen-Bridge. (Price bound 25. 6 d. 


Where likewiſe may be had, 


9] 7.57 
Neatly printed in Ottavo, Price bound in Calf 6 5, 
( Founded on a Plan of the late Mr Addiſon, * 


Inbelliſb'd with a large Variety of Curious Cuts, drawn and 
engraven by the beſt Maſters. 


. Account of the Works of Nature: Con- 
taining, I. The ſeveral Gradations remarkable in the 
Mineral, Vegetable, and Animal Parts of the Creation; 
tending to the Compoſition of a Scale of Life. II. A Re- 
preſentation of the preſent State of Gardening throughout 
Europe in general, and Great Britain in particular. III. New 
Experiments relating to the Improvements of Barren Grounds, 
Timber- trees, Fruit-trees, Vines, Sallads, Pulſe, and all 
Kinds of Grain. IV. Obſervations on the Husbandry of 
Flanders, in fowing Flax, Land may be advanced 
Cent. per Cent. By R. Bradley, F. R. S. Profeſſor of Bo- 
tany in the Univerſity of Cambridge. 


